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(54) REFLECTION/REFRACnON OPTICAL SYSTEM AND PROJECTION EXPOSURE APPARATUS 
COMPRISING THE OPTICAL SYSTEM 



(57) A catadicptric optical system which facilitates 
optical adjustment and mechanical design, fulfy conects 
atserrationa beginning with chromatic abenatlons and 
achieves a high resolutton of 0.1 or less, and In- 
cludes the first Imaging optical system (G1) for forming 
the first Intennediate Image of the first surface (R), the 
first folding minor (1) ananged In vtelnlty of the first in- 



termediate image, the second Imaging optical system 
(G2) having a concave mirror (CM) and at least one neg- 
ative power lens (3), the second folding mlnxjr (2), and 
the third Imaging optical system (G3) . A refflecling sur- 
face of the first folding minor and A reflecting surface of 
the second folding mirror are positioned so that they do 
not overlap spatially. 
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Description 
Technical Field 

8 [0001] The present Invention relates to a catadioptric optical system and an exposure apparatus having said optical 
syctem, especially a high>resolutlon catadloptric typo projection optical system suitable for a projection exposure ap- 
paratus used in a photolithographic process for manufjacturtng devices, such as semiconductor devices, devices, liquid 
crystal display devices or the like. 

10 Background Art 

[0002] In the photolithographic process for manufacturing semiconducfor devices and so on, projection exposure 
apparatus In which a pattem image of a phctoreticle or a retide (generlcally called "reticle" hereafter) is exposed onto 
a wafer, or a glass plate and the Dke coated with a photoresist and the like via pnojection optical system have been 
15 used. Then, the resolving pcwer (resolution) required for the projection optical system of the projection exposure ap- 
paratus has been increased more and more in order to improve the integration level of semiconductor devices and so 
on. As a result the wavelength of Illuminating light (exposure light) must be shortened and the numerical aperture (NA) 
of the projection optical system must be Increased. 

[0003] For example, if an exposure light with wavelength of 180 nm or less is used. It is possible to achieve a high 
20 resolution of 0.1 pm or less. However, If the wavelength of Illuminating light is shortwed, the absorption of iig ht becomes 
remarkable, and the kinds of glass nwterlals (optical matertels) that can be practically used are limited. In particular, 
if the wavelength of illuminating light becomes 180 nm or less, the ptactically usable glass material Is limited to fluorlte 
only. As a result, the correctkMi of chromattoatwrrations becomes Impossible in a <fioptric type proJectkMi optical system. 
Here, the dioptrfotype optical systOTi is an optical system which does not contain reflective surfaces (concave reflective 
2$ mirrors and convex reflective mirrors) with power, but only contains transmisslve optical members, such as lens com- 
ponents. 

[0004 As described above, there is a limit to the allowable chromatic aberrations in a dioptric type projection optical 
system, and a very narrow band of laser light source Is needed. In tMs case, an Increase in the cost of laser light source 
and a decrease of its output are unavoidable. Moreover, many positive lenses and ne^tive lenses must be arranged 
90 In a dioptric optical system to bring the Petzval sum, which affects the ojrvature of Image field, dose to 0. By contrast, 
a concave reflective mirror con-esporKJs to a positive lens as an optical element for converging light, but It is difterent 
from a positive lens In that no chromatic at>erratk>n8 occur and that the Pelzval sum takes a negative value (a positive 
lens lakes a positive value in this connection). 

[0005] in a so called catadloptric optk^l system constituted by combining a concave reflective mirror and lenses, 
35 the above characteristic of the concave reflective mirror is best used to the rraximum in an optkial design and good 
correction of aberrations beginning with the chromatic at>erretlons and the curvature of Image field are possible In spits 
of Its simple constnjctlon. However, the manner in whteh an Incklent k>eam and an emergent beam are separated Ibr 
a concave reflective minor is |X)lnt of greatest difflcutty, and various techniques Ibr this separBtion have been proposed. 
For example, Japanese Laid-Open Application No. 8-62502 (U.S. Patent 5, 861 ,997) discloses a catadloptric optical 
40 system which is a catadloptric optteal system using an exposure region (off-^s visual field) free of an optical axis In 
a projection exposure apparatus and Is of a type wherein Intermediate Images are formed twice on the way of the 
optical system and the sei^aration of beam Is spatlaOy conducted In the vidnlfy of the Intermediato Images. 

SUMMARY OF THE INVENTION 

45 

[0006] In view of the at)ove problems, the prssent inventton is aimed at providing a catadloptric optk»l system which 
tecOItates optical adjustment and mechanical design, fully corrects at>errations beginning with chromatic aberrations 
and achieves a high resolution of 0.1 |im or less using a light with wavelength of 180 nm or less in the vacuum uttnevteiet 
wavelength region. 

so [0007] Moreover, by using a catadloptric optical system according to the present Invention , it is provided a projection 
exposure apparatus and an exposure method which results In facilitating optical adjustment and mec^iank»l design, 
fully oorrecte aberrations beginning with chromatk: ai^errattons, and ensures a h^h resolutton of, e.g., 0.1 ^m or less 
and lowly sets up the off-^axis quantity of an effedhre exposure region from the optical axis. 

[0008] Furthermore, by using a projection exposure apparatus and an exposure method according to the present 
05 invention, It Is provided a manufacturing method of mlcrodevices which results in the manufacture of good micro* 
devices at a high resolution of, e.g., 0.1 ^ or less. 

[OOOq To solve the above problem, the present Invention provides a catedloptric optical system forming a reduced 
image of a first surface onto a second surface comjarlses: 
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a first imaging optical system for forming a first intarmediate image of the first surface; 

a first folding mirror which is arranged in the vicinity of a position of fbmiirtg the first intermediate image to deflect 
a beam prior to or after the position where the first IntermedtetB Image Is formed; 

a second imaging optical system for forming a second intermediate Image with a magnification factor nearly equal 
0 to the first Intermediate image in ttie vicinity of a position of fbrming the first intermedlatB image l>ased on the k>eam 

from the first Intermediate Image, the second Image opUcal subsystem has a concave reflecting mirror and at least 
one negative lens; 

a second fblding mirror which Is arranged in the vldnlty of a position of forming ttie flrst Intermediate image to 
deflect a t>eam prior to or after the position where the second intermediate image is formed; and 
10 a third Imaging optical system which Is arranged In an optical path b^ween the second Imaging optical subsystem 

and the second surface and has a dioptric Imaging optical system to form the reduced image onto the second 
surface based on the beam from the second Intermediate image. 

[0010] Further in anotheraspect of the present Invention, ttie present Invention provides a catadioptrlcoplfGal system 
t5 fbrming a reduced image on second surface comprises: 

a first Imaging optical system with a first optical axis, which Is arranged In an optical path between the first surface 
and the second surliaoe and has a dioptric imagirtg optical system; 

a second Imaging optical system with a concave reflecting mirror and a second optical axis, which Is arranged In 
20 an optical path l^etween tfie first Imaging optical system and the second surfiace; and 

a third imaging optical system with a third optical axis, which Is arranged In an optical path t)etween the second 
imagirtg optical system aruJ the second surface and has a dioptric imaging optical system, 

where tfie first optical axis and the second optical axis intersect with each other and tfie second optical axis and 
2S the third optical axis Intersect with each other. 

[001 1] More further. In the more another aspect, the present Invention provides a projection exposure apparatus fbr 
projecting a pattern on an original to a photosensitive substrate through a projection optical system, comprises: 

the prpiection optical system comprises: 

30 

a first Imaging optical sut>system having a dioptric Imaging optical system; 
a second Imaging optical subsystem having a concave reftecting mirror; 
a third imaging optical subsystem having a dioptric imaging optical system; 

a first folding min-or arranged in an optical path b^ween the first imaging optical subsystem and the second 

39 imaging optical sut>system; and 

a second folding minor arranged in an optical paUi t>6tween the second Imaging optical subsystem and the 
third Imaging optical subsystem; 

said first Imaging optical subsystem fbnming a first Intennedlate Image of the first surface into the optical path 
between the first imaging optical subsystem and said second imaging optical subsystem, and said second 

40 Imaging optical subsystem forming a second Intermediate image of the first surface Into the optical path be- 
tween the second imaging optical subsystem and tfie third imaging optical sutisystem. 

[001?| Further more. In the further more aspect of the present Invention, the present invention provides an exposure 
method comprising the steps of: 

generating an illumination light in the ultraviolet region; 

illumination an original on which a predetermined pattern is formed by tfie illumination light; 

projecting said predetermined pattem of said original arranged on said first surface, onto a photosensitive substrate 

arranged on said second surface using a catadloptric optical system. 

60 

[0013] Furtfier more. In Ihe further more aspect of the present invention, the present Invention provides an exposure 
method for projecting a pattem on a projection original onto a photosensitive substrate via a projection optical system 
comprises: 

so directing an ifluminatlng llgfit in the uitFavloiet region to the pattem; 

directing the liiuminating light to a first Imaging optical system containing a dioptric Imaging optical system via tfie 
pattem to form first intermediate Image of the pattem of tfie projection original ; 

directing the illuminating ligfit from the first intermediate ims^e to a second imaging optical system contelning a 
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ooncave reflecting mirror to form b second intermediate image; 

directing the illuminating a light from the second intennediate image to a third imaging opticai system containing 
a dioptric imaging opticai system to form a second int^medlate inrage; 

deflecting the illuminating Dght from the first Imaging optical system by a first folding mirror arranged In an optical 
path between the firet imaging opticai system and the second imaging optical system; and 
deflecting the illuminatir^ light from the second Imaging optical system by a second folding minor arranged In an 
opticai path between the second Imaging optical system and the third imaging optical system. 

[001 4} Further more. In the farther more aspect of the present Inventlonp the present invention provides a manuliac- 
fo turfng method of micro-devices by using the exposure method of the present Invention or comprising a lithographic 
process using the projection exposure apparatus of the present invention. 

[001 5] Further more, in the further more aspect of the present Invention, the present invention provides an Imaging 
optical system forming an Image of a first surface onto a second surface, comprises: 

18 at least one reflecting surface arranged between the first surfece and the second surface, 

the reflecting surface comprising a metallic reflective film and a correction film which is arranged on the metallic 
reflective film and corrects a phase difference caused by a difference of deflected state possessed by a reflected 
light ham the metallic reflective film. 

20 [0016] Further more, in the further more aspect of the present invention, the present Invention provides a projection 
exposure apparatus for projecting a pattem on a projection original on a photosensitive substrate using a projection 
optical system, the image off said projection original arranged In a first surface on the photosensitive substrate arranged 
on a second surface, using the Imaging optical system of the present invention as said projection optical system. 
[0017] Further more, in the further more aspect of the present invention, the present invention provides a projection 

^ exposure method for projecting a pattem on a projection original onto a photosensitive substrate using a projection 
opticai system comprteing a step of : projecting an image of the projection original arranged on the first surface on the 
photosensitive sutsstrate arranged on the second surface tyy using the Imaging optical system of the present Invention 
as the projection optical systera 

[0018] Further more, in the further more aspect of the present invention, the present invention provides a projection 
30 exposure apparatus for projecting a pattem on a projection original onto a photosensitive sut>$trate, wherein the pro- 
jection optical system has at least one reflecting memt>er arranged In an optical path t>etween the first surface and the 
second surface, and said reflecting memtierreflects a light so that a ptiase difference between a P polarized component 
and a S polartzed component for the reflecting member substantially does not exist when the P polarized component 
and the S polarized component come to the photosensitive sutistrate. 
3S [0019] Further more, in the further more aspect of the present Invention, the present invention provides a projection 
exposure method for projecting a pattem on a projection original on a photosensitive substrate using a projection optical 
system comprising the steps of: 

passing the light from the projection original to sakJ photosensitive substrate through at least one reflecting member; 
40 and 

reflecting the Dght wttii a reflecting member so tfiat an angular characteristic of the phase diflSerence caused by 
the difference of deflected states possessed by the reflected light from the reflecting memtw becomes to be a 
desired distribution. 

4S [0020] Furttier more, In the further more aspect of the present invention, the present invention provides a catadioptric 
opticai system forming a reduced Image of a first surface onto a second surface comprises: 

a first imaging optical sulisystem arranged In an optical path between the flrst and second surfaces, and having 
a first optical axis 

so a second Imaging optical suk>8ystem arranged in an optical path between said first imaging optical sut)system and 

said second surface, and having a oonc»ve reflection mirror and a second optical axis; 

a third Imaging optical subsystem airanged in an optical path between said second Imaging optical sulisystem 
and said second surface, and having a third optical axis: 

said first Imaging opticai subsystem having a dioptric imaging optical system, said third imaging optical subsystem 
05 tiaving a dioptric imaging optical system, and said firet and third optical axis being arranged on a common axis. 
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BRIEF DESCRIPTION OF DRAWINGS 
P021] 

0 Rg. 1 is a diagram illustrating the basic construction of a catadloptric optical system (rf the present invention. 

Rg. 2 is a diagram schematically illustrating the general constnjction of a projection exposure apparatus provided 

with catadloptric optical systems according to embodiments of the present invention as a projection optical system. 

Rg. 3 is a diagram Illustrating the positional relation between a rectangular exposure region (1^., Effective exposure 

region) formed on a wafsr W and a reference optical axis. 
10 Rg. 4 is a diagram Illustrating the lens construction of a catadloptric optical system (projection optical system PL) 

according to a first embodiment 

Rg. 5 Is a diagram Illustrating the lateral aberrHtions In the first embodiment 

Rg. 6 Is a diagram for illustrating the lens construction of a catadloptric optical system (prejectlon optical system 
PL) according to a second embodiment. 
15 Rg. 7 Is a diagram illustrating the lateral aberrations in the second embodiment 

Rg. 8 Is a diagram illustrating the general construction of the prpieclion exposure apparatus of the embodiment 
shown in Rg. 2. 

Rg. 9 Is an enlarged view illustrating a part related to an Qluminating optical system which constitutes a part of the 
projection exposure apparatus of Rg. 6. 
20 Rg. 10 is an enlarged view Illustrating a part related to an iDuminating optical system which constitutes a part of 

the projection exposure apparatus of Rg. 8. 

Rg. 11 Is a diagram Illustrating a flowchart of a manufacturing example of devices (semiconductor chip such as 
IC or 1^1 and tlie like, liquid crystal panel. CCD. thin-film magnetic head, micro-machine and so on). 
Rg. 12lsadrBwing16rlllu8tratingoneexampieofd0talledfkiwofstep2O4of Rg. 11 inthecaseof a semiconductor 
55 device. 

Rg. laA Is a diagram illustrating the lens oonstmction of a catadioptrfc optical system (projection optical system 
PL) according to a third embodiment 

Rg. 13B Is a diagram tbr IDustrating pit ndpal parts of a catadloptric optical system (projection optical system PL) 
according to a third emtKxJiment 

30 Rg. 14 is a diagram illustrating the lateral aberrations In the third embodiment 

Rg. 15 is a diagram Illustrating the construction of modification example 1 of the third emtx>dlment 
Rg. 16 is a diagram Illustrating the construction of modification exampte 2 of Ifie third emtxMfiment 
Rg. 17 Is a diagram illustrating the construction of modification ^campte 3 of the third emtiodlment 
Rg. 18 is a diagram IDustrating the construction of modification example 4 of the third emtx>dlment 

95 Rg. 19 is a drawing lili^trating the construction of modification exampte 5 of the third emtx>diment 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0022] Rg. 1 1s a diagram illustrating the basic construction of a catadioptrfc optical system of the present invention. 
40 in the diagram, the catedloptric optical system of the present Invention Is appOed to the projection optical system of a 
projection exposure apparatus. 

[0023] As shown in Rg. 1, the catadloptric optical system of the present invention is provided with a dioptric type 
first Imaging optical system G1 for fimiing a first intermediate image of a pattern of r^lde R arranged as a first surface 
as a negative plate. 

46 [0024] A first optical path folding mirror 1 is arranged in the vicinity of formation position of the first intermediate 
image fbmied by the first imaging optical system G1 . The first optical path folding minor 1 deflects a beam Incident to 
the first intermediate Image or a beam from the first intermediate image to a second Imaging optical system G2. The 
second imaging optical system G2 has a concave refiecting mirror (CM) and at least one negative lens 3, and a second 
intemiediate Image (an image of the first intermediate image and a secondary \rr\age of the pattern) nearly equal In 

BO size to the first intermediate Image is formed in the vicinity of formation position of the first Intermediate image based 
on the beam from the first Intermediate image. 

{00251 A second optical path folding mirror 2 is arranged in the vicinity of formation position of the second intermediate 
Image formed by the second imaging optical system G2. The second optical path folding minor 2 deflects a beam 
Incident to the second intermediate image or a t>eamfrDm the second interrr^iate Image to a dioptric type third ims^lng 
55 optical system G3. Here, the reflecting surface of the first optical path folding mirror 1 and the reflecting surface of the 
second optical path folding mirror 2 are positioned so as not to overlap spatially. The third Imaging optical system G3 
forms a reduced image of pattern of the reticte (an im^e of the secortd intermediate image and a final image of the 
catadloptric optical system) on a ¥rafer W arranged m a second surface as photosensitive substrate based on the 
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beem from the second intermediate image. 

[0028] in the above constniction, a chromatic at>erTBtion and a positive Petzvai sum produced by the first imaging 
optical system G1 and the third linaglng optical system G3» whi^ are dioptric opticai systems comprising piurai ienses, 
are compensated tiy the concave reflecting mirror CM and the negative lens (es) 3. IMoreover, the second intermediate 

0 image can be formed in the vicinity of the first intennedlale Image by a oonstniction that the aecond imaging optical 
system G2 has a neariy equal (unit) magnification, in the present invention, the distance from the optical axis of an 
exposure region (I.e., an effective exposure region), namely, the off-axis quanti^ can be lowiy set up by conducting 
an opticai path separation In the vidnRy of these two intermediate images. Tills Is not only favorable In aberration 
coH'ection, but also favorable In miniaturization of optical ayatems, optical adjustment, mechanical design, moiufao- 

to turing cost, and so on. 

[0027] As described above, the second imaging opticai system G2 bears the compensation of the chromatic aber- 
ration and the positive Petzvai sum produced by the first imaging opHcal system G1 and the third imaging opticai system 
63 all alone. For this reason, a large power (dioptric power) must be sat up for both the concave raflecling mirror CM 
and the negative iens(es) 3 constituting the second imaging optical system 62 . Therefore, if the symmetry of the second 

t5 Imaging optical system G2 collapses, the occurrence of asyiranetricai chromatic al)errations such as lateral chromatic 
atierration or chrorratic coma atTerration increases, thus an enough resolution power cannot be obtained. Acoordingty, 
the present invention succeeds in ensuring good symmetry and preventing the previous mentioned asymmetrical clvo- 
mallc aberrations by adopting a construction which results in a set up havirtg a nearly unity magnification for the second 
imaging optical system 62 and by arranging the concave reflecting mirror CM in the vicinity of Its pupil position. 

20 [0028] The constaictlon of the present invention is described in more detail hereafter with reference to the following 
conditions. 

[0029] in the present Invention, it Is preferable that the magnification pZ satisfies the following condition (1). 

^ 0.82 <|P2|< 1.20 (1) 

[0030] CondiHon (1) specifies an appropriate range of magnification p2 of the secofKl Imaging optical system Q2. 
[0031] If this condition 1) Is not satisfied, It Is not preferred because the off-axis quantity for the optical path separation 
Incroases, thus the large scale and complication of the optical systems cannot be avoided, in addition, it is not preferred 
30 because the occurrence of asymmetrical chromatic at>erratlons such as lateral chromatic aben^tion or chromatic coma 
at>erratlon and the like cannot t>e prevented. 

[0032] it is more preferable that the lower limit Is 0.85 and the upper limit Is 1.15 for condition (1). It is even more 
preferat>le that the lower limit is 0.87 for condition (1). 

[0033] In the present invention. It is pr^brable that the foilowing condition (2) Is satisfied. 

|L1-i-2|/|L1|<0.15 (2) 

[0034] Here, L1 Is the distance between the first intennedlate Image and the concave reflecting mirror CM in the 

40 second imaging opticai system G2 along the optical axis. 1-2 Is the distance between the second Intermediate image 
and the concave reflecting mirror CM In the second imaging opticai system G2 along the optical axis. In the case of 
the present invention, LI and L2 ans distances from the Intersection of the opticai axis artd a perpendicular from the 
intermediate Image to the optical axis when extending the perpendicular down to the concave reflecting mirror CM 
along the optical axis because the intermediate Image not formed on the optical axis. 

^ [003^ Condition (2) specifies a positional relation between the first intermediate image formed by the first imaging 
optical system G1 and the second intermediate image formed by the second Imaging opticai system G2. 
[0030] If condition (2) is not satisfied, it is not preferred t>ecause the ofT-axis quantity for the optical path separation 
increases, thus the large scale and complication of the optical systems cannot be avoided. 
[0037] It is more preferable that the upper limit Is 0.85 fer condition (2). 

so [0038] In the present invention, it is preferable that the first intemiediate image is formed on the optical path t>etween 
the first optical path foldir^ mirror 1 and the second Imaging optical system G2. and the second intermediate Irr^e 
is formed on the optical path t>etween the second imaging optical system 62 and the second opticai path folding mirror 
2. In this case, the 8tat>lllty of ttie optical systems Increases arKl tfie optical adjustment and mechanical design t)ecome 
easy l>ecause the distance t^etween first surface end second surfece can t^e shortened. Moreover, wtien the present 

69 invention is applied to a projection exposure apparatus, the height of the whole apparatus can be reduced tiecause 
the distance between the reticle R arranged on the first surface and the wafer arranged on secorul surfece is shortened. 
[0039] In the present Invention, it Is preferable tfiat the foilowing condition (3) is satisfied. 
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0^<|P|/|pi|<0^ (3) 

[004<q Here, p is the magnification of the catadloptric optical system (projection optical system if applied to a pro- 
s Jection exposure epparetus). p1 is the magnification of the first imaging optical system G1 . 

[0041] Condition (3) specifies an appropriate range of the ratio of the magnification p of the whole system to the 
magnification pi of the first imaging optical system 61 . 

[0042] If tfie ratio is more than the upper limit of condition (3). It Is undesirable because the angle of dispersion (angle 
range) of a beam incident into the first optical path folding mirror 1 and the second optical path folding minor 2 increases 
10 and consequently ^e design of a reflecting film becomes difficult In particular, reflecting film materials usable for a 
light with wavelength shorter than 180 nm are also Dmlted, thus it Is dlffHcuit to Iceep the reflectivity at a high level In a 
broad angular t>and constant TTie difference in reflectivity between P polarized light and S polarized light or the phase 
change also changes with the angle of inddenoe and therefore in its turn Is associated with deterioration of ttie imaging 
property of the whole system. 

to [0043] On the other hand, if the ratio Is less than the lower Dmit of this condition (3). it Is undesirable k)ecause the 
load of magnification factor, which should t>e the burden of the third imaging optical system G3, rises, and thus a large 
scale of the optical systems cannot be avoided. 

[0044] Moreover, it is more preferable that the lower limit of condition (3) Is 0^ and its upper limit is 0.46. 
[0045] Furthermore, in the present invention, it is preferable that the catadloptric optical system is a telocentric optical 

20 system on tx>th sides of the first surface and the secornJ surface. When the system is applied to a projection exposure 
apparatus, it is preferable that the projection optical system is a telecentifc optical system on t>oth reticle side and 
wafer side. This construction enables to lowly suppress the magnification error or distortion of image when positional 
errors or warp of the retlde or water and the lOce occur. Furthermore, it is preferable that an angte made by a light 
passing through the center of beam (i .e., principal ray) becomes 50 minutes or less In the whole field so that the optical 

25 systems are sulistanlially telocentric. 

[0046] In the present invention, It is pref^iable to satisfy the following condition (4), in addition to the catadloptric 
optical system, which is teieoentric on both sides. 

^ |E-D|^|E|<0.24 (4) 

[0047] Here, E is the dlstence between the surface on the image side of the first Imaging optical system G1 and Hs 
eM pupil position along the optical axis. D Is the distance by air convereion from the surface on the Image side of the 
first Imaging optical system 61 to the concave reflecting mirror CM in the second imaging optical system G2 atong the 

39 optical axis. 

[0040] Condition (4) specifies a positionai relation between the exit pupil of the first ima^ng optical system G1 and 
the concave reflecting mirrer CM. 

PHMS] If condition (4) is not satisfied. It is not preferabte because the oocurrenoe of asymmetrical chromatic aberra- 
tions such as lateral chromatic atserration or chromatic coma aben-ation and the ID(e cannot be lowly suppressed. 

40 [0050] Moreover, It is more preferable that the upper limit of condition (4) Is 0.17. 

[0051] Furthermore, It Is preferable In the present invention that the intersection line of an assumed extension plane 
of the reflecting plane (an assumed plane obtained by infinitely extending a planar reflecting plane) of the first optical 
path folding minror 1 and an msumed extension plane of the rsflecting plane of the second optical path folding mirror 
2 is so set up Uiat an optical axis AX1 of the first imaging optical system G1 , an optical axis AX2 of the secoruj ims^lng 

45 optical system G2 and an optical axis AX3 of the third Imaging optical system G3 Intersect at one point (reference 
point). This construction results in the optical axis AX1 of the first imaging optical system G1 and the optical axis AX3 
of the third imaging optical system G3 t)ecoming a common optical axis, and particularly enatiles to position the three 
optical axes AX1-AX3 and the two reflecting planes In relation to one reference point Therefore, the stablDly of the 
optical systems increases, and the optical adjustment and mechanical design become easy. An even higher accuracy 

60 optical adjustment can be fecilitated and even higher stel>ility can be achieved by setting the optical systems so that 
tiie optical axis AX2 is perpendicular to the optical axis AX1 of the first Imaging optical system G1 and the optical axis 
AX3 of the third Imaging optical system G3. 

[00S2] Furthermore, it Is preferable In the present Invention that all lenses constituting the first Imaging optical system 
G1 and all lenses constituting the third imaging optical system G3 are arranged along a single optical axis. This con- 
05 strucUon causes any flexure due to gravity to t>ecome rotationally symmetrical and provides to lowly suppress the 
deterioration of Imaging property due to the optical adjustment In particular, when it is applied to a projection exposure 
apparatus, the reticle R and the wafer W can be arranged parallel to each ottier along a plane perpendicular to the 
gravity direction (i-e., horizontel ptene) artd all lenses constituting the first Imaging optical system G1 and the third 
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imaging optical system G3 can be arranged horizontally along a single optical axis in the gravity direction tjy using the 
first Imaging optical system G1 and Ihe third imaging optical system G3 In an upright position abng the common optical 
axis. As a result, the reticle, wafer and most of the lenses constituting the projection optical system are held horizontally, 
not 8Ub[ected to an asymmetrical deformation due to Hielr own weight and this is very favorable In ensuring optical 

8 adjustment, mechanical design, high resolution and the like. 

[0053] Further, it Is preferable in the present Invention that over 85% of the number of lenses in all lenses constltutiiYg 
the catadioptric optical system (the projection optical system in the case of applying it to a projection exposure appa- 
ratus) are arranged along a single optical axis. Fbr examptor If the first Imaging opticai system Q1 and the third Imagfrig 
optical system G3 are used In an upright position along the common optical axis, almost all lenses In many lenses 

10 constituting the optical systems are held horizontally and an asymmetrical deformation due to their own weight does 
not oc^r by this construction, therelim it Is further favoratile In ensuring optical adjustment, mechanical design, h^h 
resolution and the lilce. 

[0054] Additionally, as described above, the negativB lens(es) 3 In the second imaging optical system Q2 requires 
a large power (refractiva power) to compensate for chromatic aberrations being produced by the first Imaging optical 

15 system G1 and the third imaging optical system G3 alone. Acoordingty, it Is preferable in the present invention that the 
second Imaging opticai system G2 has at least two negative lenses 3. This construction enables to divide and bear a 
necessary power with at least two negative lenses and in its turn provides to constitute stabilized optical systems. 
[0055] Embodiments of the present invention are described hereafter, with reference to the following drawings. 
[0056] Rg. 2 Is a diagram schematically showing the general construction of a projection exposure apparatus which 

20 is provided with a catadioptric optical system according to embodiments of the present invention as a projection optical 
system. In Rg. 2, the Z axis is set up in parallel to a reference opticai axis AX of the catadioptric optical system con- 
stituting a projection optical system Pl^ the Y axis Is set up In parallel to the paper surface of Rg. 2 In a plane perpen- 
dicular to the optical axis AX. Moreover, Fig. 2 schematically shows the general construction off a projection exposure 
epparalus, and its detailed construction will be described later In Rgs. 8-10. 

^ [0057] The described projection exposure apparatus is provided with, e.g., a F2 laser (wavelength 157.624 nm) as 
a light source 100 for supplying an illuminating light of ultraviolet region. The illuminating light emergent from the light 
source 100 evenly iliumiruites a reticle R where a given pattern is formed. 

[0058] Moreover, an opHcal path between tiie light source 100 and an illuminating opticai system IL is sealed by a 
casing (not shown), and a space from the light source 1(X) to an optical member on the reticle side In the illuminating 
30 optical system IL is filled with an Inert gas, such as helium gas or nitrogen gas and the Dice being a gas with a low 
atisorpllvlty of exposure light or Kept in a nearly vacuum state. 

[0059] The reticle R is in parallel held In the XY plane on a reticle stage RS via a reticle holder RH. A pattern to t>e 
transferred is formed on the reticle, and a rectangular (slit-like) pattern region with a long side along the X direction 
and a short side along the Y direction In the whole pattem region is Illuminated. The reticle stage RS is movable two- 

39 dimensionaliy along the reticle surface (i.e., the XY plane) by the action of a driving system whose illustration is omitted 
and la so constituted that Its position coordinates are measured and positionaliy controlled by an Interfsrometer RIF 
using a reticle moving (measuring) mirror RM. 

[0080] A light from the pattem formed on the reticle fomis a reticle pattem Image on a wafer W, wtiich Is a photo- 
sensitive substrate, via a catadioptric type projection optical system PL The wafer W is In parallel held on the XY plane 

40 on a wafer stage WS via a wafer table (wafer holder) WT. Then, a pattern Image Is formed In a rectangular exposure 
region wttii a long side along the X direction and a short side along the Y direction on the wafer W so as to correspond 
to the rectangular illuminating region on the reticle R optically. The wafer stage WS Is moval>le twoHllmenslonaily along 
the wafer surface (l.e., the XY plane) by the action of a driving system whose illustration Is omitted, and Its position 
coordinates are measured and positionaliy oonlrolied by an Interferometer WlF using a wafer moving (measuring) 

45 mirror WM. 

[0051] Rg. 3 Is a diagram showing a positional relation t}etween the rectangular exposure region (l.e., effective 
exposure region) formed on the wafer W and the reference optical axis. 

[0082] As siiown in Fig. 3, in the emtKxJIments. a rectangular effective exposure re^on ER having a desirable size 
Is set up in a position separated from tiie reference axis AX by only an of^axls quantity A In the ^Y direction in a circular 
50 region (image circle) with a radius B and with the reference axis AX as Its center, i-lere, the X-dlrection length of the 
effective exposure region ER is LX and its Y-direction length Is LY. 

[0083] In other words, In the embodiments, the rectangular effective exposure region ER having a deslrafcrfe sb^e is 
set up in a position separated Item the reference axis AX t>y an off-«ods quantity A in the -i-Y direction, and the radius 
B of the circular image circle IF is specified so as to Include tiie effective exposure region ER with the reference axis 
55 AX as Its center. Therefore, a description Is omitted, but a rectangular Qlumination region 0-^- effective Illumination 
region) with a size and a shape corresponding to the effective exposure region ER Is formed in a position separated 
from the reference axis AX by ortiy a distance corresponding to the off^axis quantity A in the -Y direction. 
pi004[| Moreover, in the described projection exposure apparatus, the prcjection optical system PL is so constituted 
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that its inside is kept in an air (gBs)-1ight state between an opticai member arrenged on the reticle side (lens L11 in the 
emtxKiiments) and an optical member arranged on the wafer side (lens L311 in the embodiments) among optical 
members constituting the projection optical system PL, and is filled with an inert gas such as heDum gas or nitrogen 
gas and the like or kept in a nearly vacuum state. 
0 [008S] Furthermore, the reticle R and the reticle stage RS and the like are arranged In a narrow optical path between 
the illumination optical system IL and the projection optical system PL, but an inert gas, such as nitrogen or helium 
gas and the like. Is filled into a casing (not shown) which seals and encloses the re1k:ie R and the retk:le stage RS and 
tlie like or the casing Is kept In a nearly vacuum state. 

[0066] Additionally, the wafer W and the wafer stage WS and the IDce are arranged in a narrow optical path between 
10 the projection optical system PL and the wafer W, but an Inert gas, such as nitrogen or helium gas and the like. Is filled 
into a casing (not shown) which seals and enck)ses the wafer W and the wafer stsge WS and the like or the casing Is 
kept In a nearly vacuum stafe. 

[0067] Thus, an atmosphere In whtoh the exposure light is aliYuat not ab6ort)ed is formed over the whole optteal path 

fh>m the Dght source 100 to the wafer W. 
t5 [0068] As descrlt^ed above, the iltumlnatk)n region on the retide arid the exposure region on the wafer W (I.e., effi^^ 

exposure region ER) specified by the projection opticai system PL are rectangles with short skies in the Y direction. 

Therefore, the reticle pattern is scanned and exposed for a region which has a width equal to the tong skJe of the 

exposure region on the wafer W and has a length coireapondlng to the scan quantity (moving quantity) of the wafer 

W by moving (scanning) the reticle stage RS and the wafer stage WS and in Its turn the reticle R and the wafer W 
20 synchronously in the same direction (i.e., same orientation) along the short-side direction, l.e., the Y direction of the 

rectangular exposure region and the illumination region, while the positional control of the retlde R and the wafer W 

is taken by a driving system or an interferometer (RIP, WIF) and the Gke. 

[0069] In the emtXMfiments, the prcjectkm opttoal system PL Including the catadloptrk: optk»l system Is provMed 
with a dioptric type first Imaging optical system G1 for forming a first intermediate image of the pattern of the reticle 

29 arranged on the first surfece. a second imaging optical system G2 comprising a concave reflecting mirror CM and two 
negathre lenses 3 for forming a second intermediate Image nearly unitary to the first intermediate image (a nearly equal 
size image of the first Intermediate image and a secondary Image of the relide pattern) and a dfoptitc type third Imaging 
opfical system G3 for forming a final image of the rettde pattern (a reduced Image of the retlde pattem) on the wafer 
W arranged on the second surfece based on a light from the second Intennediate image. 

30 [0070] Moreover, in the embodiments, a first optical path folding mirror 1 for deflecting the light from the first imaging 
optical system G1 to the second imaging opticai system G2 is ananged in the vicinity of the formatton position of the 
first intermediate image in an opticai path between the first Imaging optkal system G1 and the second Imaging optical 
system G2. A second optical path folding minor 2 for defiecting the liglit from the second imaging opttoai system G2 
to the third imaging optical system G3 is arranged in the vicinity of the fbrmafion position of the second intermediate 

^ Image In an optical path between the second imaging optical system G2 and the second Imaging optical system G3. 
in the emtjodiments, the first intermediate Image and the second Irrtermediate Image are formed in an opticai path 
between ttie first opticai path folding mirror 1 and the second imaging opttoai system G2 and an opticai path between 
the second Imaging optical system G2 and the second optteal path folding mirror 2, nsspectively. 
[0071] Furthermore, in the emlxxilments, the first imaging optical system G1 has a Dnearty extended optical axis 

40 AX1 . the third Imaging opticai system G3 has a linearly extended optical axis AX3, the opticai axis AX1 and the optical 
axis AX3 are set up so as to coinckle with the reference opticai axis AX, which Is a common single axis. As a result, 
the reticle and the wafer W are arranged In parallel to each other afong a plane perpendicular to the gravity direction. 
I.e., a horlzontel plane. In addllton, all lenses constituting the first imaging optical system G1 and all tenses constituting 
tiie third imaging opticai system G3 are also arranged along the horizontal plane on the reference optk:al axis AX. 

4S [0072] On the other hand, the second imaging optk:al system G2 also has a linearly extertded optical axis AX2, and 
this optical axis AX2 is set up so as to t>e perpendicular to the reference optical axis AX, whteh Is the common single 
axis. Moreover, both the first optk»l path folding mirror 1 and the second optical path folding mirror 2 have planar 
reflecting surfaces and are Integrally constituted as one optical member (one optical path folding mirror FM) with two 
reflecting plartes. The Intersection line of these two reflecting planes (strictly the intersection line of their assumed 

so extended planes) are set up so that the axis AX1 of the first Imaging optteal system G1, the axis AX2 of the second 
imaging optk:al system G2 arxl the axis AX3 of the third Imaging opttoai system G3 Intersect at one point Furthermore, 
both the first optical path folding mirror 1 and the second optical path folding mirror 2 are constituted as front surface 
refiecting mirrors In the first embodiment and In the second embodiment, and both the first opticai path folding rrtfrror 
1 and the second opticai path folding mirror 2 are constitute as rear (back) surface refiecting mln-ors in the third 

03 embodiment The smaller the interval between the effective region of reflecting plane of the optical path fokjfng mirror 
FM and optical AX is set up, the less the clf-axls quantity A of the effective exposure region will be. 
[007^ in the embodimente, fluorite (GaF2 crystel) is used for ail dioptric optical members (lens component) consti- 
tuting the projection optical system. The wavelength of the F2 laser being exposure light is 157.624 nm, the dloptrfo 
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index of CaF2 in the vicinity of 157.624 nm changes in a ratio of -2.6 x 1(h^ per -t-l pm of wavelength change and in a 
ratio of -1-2.6 x 10^ per -1 pm of wavelength change. In other words, the dispersion of dioptric Index (dn/dX) of CaF2 
on the vicinity of 157.624 nm is 2.6 x lO^/pm. 

[0074] TYierefoiG, in the first and second embodiments, the dioptric Index of Cap2 to the wavelength 157.624 nm Is 
0 1 .559238, the dioptric index of CaF2 to 1 57.624 nm + 1 pm = 1 57.625 nm is 1 .5592354. and the dioptric Index of CaF2 
to 157.624 nm - 1 pm = 157.623 run is 1.5592406. On the other hand, in the third embodiment, the dioptric index of 
CaF2 to the wavelength 157.624 nm is 1.559307. the dioptric index of CaF2 to 157.624 nm <•> i pm = 157.625 nm is 
1.6593041. and the dioplric Index of CaFa to 157.624 nm - 1 pm = 157.623 nm is 1.5593093. 
[0075] Furthermore. \r\ the embodiments, if the height In a direction perpendicular to the optical axis Is taken as y. 
10 the distance (amount of sag) from a tangent plane at the vertex of aspherlcal surface to a position on the mpherlcal 
surfece at the height y along the opUcai axis as z, the vertex curvature radius as r, the oonic coefficient as k and the 
n-order aspherlcal ooeflicient as Cn, then the aspherlcal surface Is expnsssed by the following numerical formula (a). 

,5 z = (y^Wl +{1 -(1 +k) • (y^/rV^ + • 

y'^ + Ce-y^ + Cey® 
■^Cioy^°*Ci2y'^*C„-y'* (a) 

20 

[0076] in the emtxsdimenite. a * sign Is attached on the right side of surface no. on a lens surlkce which is formed 
Into an aspherlcal shape. 

[Embodiment 1] 

25 

[0077] Rg. 4 Is a diagram showing the lens construction of a catadlcptric optical system (projection optical system 
PL) according to a first emt>odiment In the first embodiment, the present invention is applied to a projection optical 
system In whteh aberrations including chromatic aberrations are corrected for an exposure Dght with wavelength of 
157.624 nm ±1 pm. 

^ [0078] in the catedloptric optical system of Rg. 4. the first Imaging optical system 6 1 comprises a negative meniscus 
lens L11 tiaving an aspherlcal concave surface facing to the wafer side, a biconvex lens L12, a bteonvex lens LI 3. a 
bicorwex lens LI 4, a negative meniscus lens LI 5 having a convex surface facing to the reticle side, a positive meniscus 
lens L16 having a concave surtece facing to Ifie reticle side, a positive meniscus lens L17 having a concave surface 
facing to ttie netide side, a positive meniscus \ens LI 8 tiaving a concave surface facing to the reticle skle, a biconvex 

^ lens Lig and a positive meniscie lens L1 10 having a convex surface facing to the reticle side In order from ttie reticle 
side. 

[0079] The second Imaging optical system G2 comprises a negative meniscus lens L^l having a concave surface 
facfrig to the reticle side, a negative meniscus lens L22 having an aspherteal concave surface facing to the reticle side 
arnl a concave rsftecting mirror CM in order fh>m tfie reticle akte atong tlie propagative route of light (i.e., the Incident 
40 side). 

[0060] The third imaging optical system G3 comprises a biconvex Iots 1.31 having an aspherfcal convex surface 
facing to the facing reticle side, a biconvex lens L32, a k>ioonvex lens L33. a biconcave lens L34, a positive meniscus 
lens L36 tiaving a convex surface facing to ttie reticle side, an aperture stop AS. a biconvex lens L36 having an as^ 
ptierlcal convex surface facing to the wafer side, a biconvex lens L37. a positive meniscus lens L38 having a convex 
45 surface facing to the reticle side, a positive meniscus lens L39 having a convex surface facing to the reticle side, a 
biconcave lens L310 and a piano-convex lens L31 1 having a plane surface facing to the wafer side in order from the 
reticle side along ttie propagative route of light 

[0081] Vbiues of date of the catadloptric optical system of ttie ftrst emt)odiment are Identifted in the following table 
(1). In the table (1), X reprasente the wavelengtti of exposure light P the projection magnification (magnification of 
so whole system), MA the numerical aperture on the Image side (wafer side), B the radius of Image cirde IF on wafer W, 
A the off-axis quantity of effective exposure region ER, UC the dimension o-f effective exposure region ER along the 
X direction (dimension of long side), and LY the dimenston of effective exposure region ER along ttie Y direction 
(dimension of short side), respectively. 

[0082] Moreover, the surface no. represents the order of surfaces from the reticle side along the propagative direction 
09 of light from the reticle surface, being the object surface (first surface) to the wafer surface, being the Image surface 
(second surface), r ttre curvatuns radius of surface (vertex curvature radius in the case aspherlcal surface: mm), d 
the axial space of surface. I.e.. surface distance (mm), and n the dioptric index to wavelength, respectively. 
[0083] Furttiermore. the surface distance d changes its sign with reflected degree. Therafore. the sign of the surface 
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distance d Is taken as ne^tive on the optical path from the first optical path folding minor 1 to the concave reflecting 
mirror CM and on the optical path from the second optical path folding mirror 2 to the image surface, and Is takm as 
positive in other optical paths. Then, the curvature radius of a convex surface facing to the reticle skJe is taken as 
positive and the curvature radius of a concave surface facing to the reticle side is taken as negative in the first Imaging 
0 opHcai system G1 . On the other hand, the curvature radius of a concave surface facing to the retteie side Is taken as 
positive and the curvature radius of a convex surface facing to the reticle side Is taken as negathre in the third imaging 
optical system G3. The curvature radius of a concave surface fscing to the reticle side (i.e.. Incident side) is taken as 
positive and the currafure radius of a convex surface facing to the ratkile side (l.e., Inddent side) Is taken as negative 
ak)ng the piogre8sk>n route of light In the second Imaging optteai system G2. 

10 

Clkble 1] 
(Main data) 

IS 

A- 157,624 nm 
B=0.25 

^ NA=0.75 

B = 14.6 mm 
25 A= 3mm 

LX = 22mm 



LY = 6.6mm 

30 

(Data of qptdcal members) 
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[0084] Rg. 5 are charts showing the lateral aberrations In the first embodiment. 

[0085] in the aberration charts, Y represents the Image height, solid lines the wavelength 157.624 nm, brai^n Dnes 
157.624 1 pm s 157.625 nm and dashed lines 157.624 - 1 pm s 157.623 nm, respectively. 
^ [0088] As is evident from the aberration charts, it is generally known that the chrorratlc atNanrations are well corrected 
for the exposure light with a wavelength of 157.624± 1 pm in the first embodiment 

[Emk)odiment 2| 

30 [0087] Rg. 6 is a diagram showing the lens construction of a catadloptric optical system (projection optical system 
PL) according to the second embodiment. In the second emtmdiment, this Invention is applied to a projection optical 
system in which at>errations including chromatic at>erration8 are corrected for an exposure light with wavelength width 
of 157.624 nm (±1 pm) similarly as in the first embodiment 

[OOOq In the catadloptric optical system of Fig. 6, the first imaging optical system G1 comprises a positive meniscus 

M lens L11 having an aspherfcal concave surface facing the wafer side, a negative meniscus lens L12 having a concave 
surface facing the reticle side, a biconvex lens LI 3, a biconvex lens L14, a positive nneniscus lens L15 having a convex 
surface facing the retlcte side, a podtlve meniscus lens L16 having an aspherlcai concave surface facing the reticle 
side, a positive meniscus lens LI 7 having a concave surface facing the reticle side, a positive meniscus lens L18 
having a concave surface facing the reticle side, a biconvex lens L19 and a positive meniscus lens L110 having en 

40 aspherlcai concave surface facing the wafer side In order f^x>m ttie reticle side. 

[OOM] The second imaging optical system G2 comprises a negative meniscus lens L21 having a concave surface 
facing the reticle side, a negative meniscus lens L22 having an aspherlcai concave surface facing the reticle side and 
a concave reflecting mirror CM In order Irom the reticle side along the propagative route of light (1^.. the incident side). 
[0090] The third Imaging optical system G3 comprises a biconvex lens 1^1 having an aspherlcai convex surfiaoe 

^ facing the retide side, a biconvex lens L32, a positive meniscus lens L33 having a convex surface lacing the reticle 
side, a biconcave lens L34, a biconvex Ims L^. an aperture stop AS. a negative meniscus lens L36 having an as- 
pherlcai convex surface facing tha wafer side, a biconvex Iots L37, a positive meniscus lens L38 having an aspherfcal 
convex surfrce facing the reticle side, a positive meniscus lens L39 having a convex surfece fading the reticle side, a 
biconcave lens L310 and a plano-convex lens L311 having a plane surface facing the wafer side In order from the 

BO reticle side along the propagative route of light (i.e., the Incident side). 

[0091] Wlues of data of the catadloptric optical system of the second embodiment are Identified In the foilowing table 
(2). in the table (2), ( represents the wavelength of exposure i^ht, ( the projection magnification (magnification of whole 
system), NA the numerical aperture on the image side (wafer side), B the radius of image circle IF on wafer W, A the 
off-^xis quantity of effective exposure region ER, LXIhe dimension of efliectlve exposure region ER along theX direction 

^ (dimension of long side), and LY the dimension of eflbcthre exposure region ER along the Y direction (dimension of 
short side), raspectiveiy. 

[00921 Moreover, surface no. represents the order of surfaces from the reticle side along the propagative direction 
of ligiit from ttie reticle surface being the object surface (first surface) to the wafer surface, being the Image surface 
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(second surface), r the curvature radius of surface (vertex curvature radius in the case of aspherical surface: mm), d 
the axial space of surface, i.e., surface distance (mm), and n the dioptric index to wavelength, respectively. 
[0093] Furthermore, the surfece distance d changes its sign with reflected degree. Therefore, the sign of the surface 
dfatance d Is taken bb negative on the optical path ftom the first optlcai path fol<fing minor 1to the concave reflecting 
mirror CM and on the optical path from the second optical path folding mirror 2 to the Image surface, and Is taken as 
positive in other optical paths. Then, the curvature redius of a convex surface facir^ to the reticle side is taken as 
positive and the curvature redius of a concave surface facing to the reticle side is taken as negative in the firet imaging 
optteal system Q1. On the other hand, the curvature radius of a concave surface surfacing to the reticle skfe is taken 
as positive and the curvature radius of a convex surface facing to the rettole skle Is taken as negative In the thinf 
imaging optlcai system G3. The curvature radius of a concave surface facing to the retfde side (i .e., the incklent skle) 
Is taken as positive and the cun/ature radius of a convex surface facing to the reticle side (i.e., the incident skle) Is 
taken as negative along the prepagative reute of light in the second imaging optteal system G2. 



dVibIe2] 
(Main data) 
X» 15X624 nm 
8 =0.25 

B 14.6 mm 
A=s8mm 
LJC=;22mm 
LY = 6.6mm 



(Data of optical membera) 



Sur&oe no. 


r 

Oretide surface) 


d 

74.237601 


n 


1 


392.09887 


18.011617 


1.559238 (tens LID 


2* 


1161.26854 


22.650885 




8 


•197.82341 


12.000000 


1.669238 dens LIS) 


4 


-320.24045 


1.072412 




6 


4585.10509 


27.682776 


1.669238 Gens L13) 


6 


•230.22207 


1.003799 




7 


180.02979 


31.376675 


1.669238 aen8Ll4) 


8 


-16797.46644 


1.001727 
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120.08101 

111.81156 

-147.64267 

-120.00000 

-248.75596 

-150.02645 

-86jB.46687 

•170.06869 

380.97487 

-1174.10638 

162.68954 

644.69642 

00 

116.98467 
656.87904 
165.29528 
383.86012 
170.53870 

883.86012 
165.29528 
656.37094 
116.98457 



49.640624 

146.176310 

60.000000 

1.034195 

21.927192 

1.00m2 

23.499758 

1.006485 

22.758028 

1.018161 

24.816537 

86.000000 

•276.440338 

•20,000000 
-19.644110 
-22.001762 
•26.886741 
26.835741 

22.001762 

19.644110 

20.000000 

276.440338 

-106.008415 



1.559238 QeneLlS) 

1.658238<lensLl6> 

1.669238 Qen8Ll7) 

1.559238 Gens L18) 

1.569238 QenfiLl9) 

1.659238 OensLllO) 

(Brat optica] padk 

fijldmgmirnir 1) 
1.559238 OenBL2]> 

1.659286 dens L22> 

(concave reflecting 

minor CM) 
1.559288 dens L22) 

1.559238 Qeii8L2l) 

(Eeoond optical path 
■folding mirror ^ 
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82* -8761.14467 -25.636977 1.669238 Qens L3l) 

33 279.72974 1.078198 

34 -761.81935 -80.303960 1.669238 Qens L3^ 

35 352.73770 -1.006012 

86 -178.20888 -86.676204 1.658288 Qens L38> 

37 -1076.81270 -51.479106 

38 1804.27479 -28.746536 1.559238 Qens L34) 

39 -12027525 '169.673423 

40 -25a0l576 -35.685941 1.559288 QeasLSG) 

41 521.40215 -85.714860 

42 CO -24.296048 (aperture stop AS) 

43 162.18493 -24.773335 1.659238 Qens L36) 
44* 252.16324 -4.265268 

45 -995.58003 -37.825368 1.669238 Qens LS'O 

46 262.29146 -1.000000 

47 -210.53420 -30.482411 1.669238 Qens L36) 

48 -8044.39664 -1.O02741 

49 -124.46496 -86.754604 1.559288 Qeae L89) 
60 -627.72968 -9.489076 

51 534.41098 -27.941522 1.569288 Qens LSICO 

52 -974&42213 -1.007891 

53 -131.28658 -60.000000 1.669238 Qens L311) 

54 xo -12.503787 



(wafer eur&c^ 
CAspherical data) 
Snr£ace2 
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r s 1161.26864 k = 0.000000 

04= 0.141234x10-7 

Cb= 0.141094 xia» 

Cia = 0.747533 xia« 

Suz&OBll 
-147.64267 

0* = 0.117741 xlO< 
08= -0.441168 xl&" 
Cus -0.114006 xia« 
Stii&oe20 
r = 644.69642 
Ct = 0.878484x10-7 
08 = 0.247736 xlO-w 
Ci2» 0.256568x10^ 



Cs» 0.666669 xlO-u 
Cios-a604032xl0«> 
Ci4 = 0.400566 xlO« 

K = 0.000000 

06= -0.764649x10" 
0»> = 0.122309 xia» 
Cub 0.478194 xlO« 



x = 0.000000 

Cts. 0.761668x10-1^ 

Cios-a222289xlO«> 
OM = -a286204xlO» 



Surfeoe 24 and snrfooe 28 (same sur&o^ 



r = 166.28628 
04 B -0.286840x10-7 
Ob= -0.122244x10-16 
Ci2 = 0.109632 X 10-26 
Surface 32 

r = -8761.14467 k = 0.000000 
04 « 0,188366 xia^ 
08= 0.264075x10" 
0i3» -0.494187 xia» 
Surface 44 

r=s 262.15324 x = 0.000000 



K = 0.000000 

Oe- 0.766085 xl&» 
Cio= 0.209608 xlO«» 
Cm = -0.837618 X law 



08= -0.162646x10" 
010 = 0.265685x10^ 
Oi4 = -0.786507 xlO«i 
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G4S 0.697432 Xiao Ce = -0.714444 x lO"" 

5 Cb = 0.747474 x 10-»» Cio = -0699569 x 10«i 

Ci2 = 0.228691 X lOr^ Cw = 0.160543 x 10» 

(CSorresponding values of oonditianG) 

to 





61 = -0.650 




B2= -0.886 


15 


68 =0.484 




Ll = 847^ mm 


20 


L2 = 81L9mm 




E» 468.1 mm 



D = 478.4 mm 

(1) Iiff2|==0.886 

(2) |L1-L2|/|L1| =0.103 
» <3) \/3\t\/3l\ =0.386 

(4) lE-DI/IEI =0.046 



39 [0094] Rg. 7 are charts showing the lateral aberrations In the second embodiment 

[0095] In the aberration charts, Y represents the image height, solid lines the wavelength 167.624 nm, broken Ones 
157.624 + 1 pm = 157.626 nm and dashed lines 157.624 - 1 |3m = 157.623 nm, respectively. 
[0096] As Is evident from the aberration charts. It Is imown that the chromatic ablations are wall corrected for the 
exposure light with a wavelength of 157.624 d: 1 pm in the second embodiment similar to in the first embodiment 

40 

[Embodiment 3] 

[0097] in the flrsl and second embodiments, both the first optical path folding mirror 1 and the second optical path 
folding mirror 2 are constituted as front surface reflecling mirrors. Moreover, In the first and second embodiments, the 

45 angular widths of a beam incident into the reflecting plane of the first optical path of a folding mirror 1 and the reflecting 
plane of the second optical path of a folding mimor 2 increase in proportion to the numerical of aperture on the image 
side of the catadloptric optical system, in this case, if the reflecting planes are fomned of a dielectric multMayer film, 
the reflectivity changes with the incident angle and the phase of a reflected wave disperses with the Incident angle, 
thus It b diflicult to ensure good angular characteristics. Therefore, It Is preferable that the reflecting planes are formed 

BO of a metal flim to obtain good angular characteristics, such as a reflectivity nearly constant for a wide range of incident 
engies. However, the reduction of reflectivity arises if the metal is subjected to irradiation of the F2 laser In an atmos- 
ptiere containing little oxygen. 

[OOOq Accordingly, tx>th ttie first optical path folding mirror 1 and the second optical path folding mirror 2 are con- 
stituted as rear (back) surtace reflecling mirrors In the ttiird embodiment. More spHBCIfically, as shown In Fig. 13B. the 
S3 first optk:al path folding mirror 1 1s formed as a right-angle prism having a plane of inddence la perpendicular to the 
optical axis AX1 of a first imaging optical system G1 , a reflecting plane 1 b inclined to the optical axis AX1 at an angle 
of 45o and a plane of emergence 1c perpendicular fo the optical axis AX2 of a second Imaging optical system G2. The 
second optical path fokfing mirror 2 Is formed as a rfgtit-wgie prism having a plane of incklenoe 2a perpendicular to 
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the optical axis AX2 of the second imaging optical system G2, a reflecting plane 2b inclined to the optical axis AX1 at 
an angle of 45o and a plane of emergence 2c perpendicular to the optical axis AX3 of a third Imaging optical system 03. 
[009q Moreover, the fire! optical path folding mirror 1 and the second optical path folding mirror 2 are integraiiy 
constituted as one optical path folding mirror FM. TTien, the opiical axis AX1 of the first imaging optical system 01 and 
the opticai axis AX3 of a third imaging optical system G3 are so set up that they linearly extend and constitute a single 
common opticai axis. I.e., a reference opticai axis AX Furthermore, the Intersedion line of the rear (t>ack) surface 
refiecting plane 1 b of first optical path folding mirror 1 and the rear (back) surface reflecting plane 2b of second optical 
path folding mirror 2 are s^ up so that the optical axis AX1 of ttie first Imaging optical system G1 . the optical axis AX2 
of the second imaging optical system 02 and the optical axis AX3 of the third Imaging optical system 03 intersect at 
10 one point (reference point). 

[0100] As described atx)ve. both the first optical path folding mirror 1 and the second opticai path folding mirror 2 
are constituted as rear (bade) surface reflecting mirrors in the third emkiodlnient 

[Old] TherefiorB, the rear (back) surface reflecting plane lb of the first optical path folding mirror 1 and the rear 
(back) surface reflecting plane 2b of the second optical path folding mirror 2 are not subjected to the Irradlatton of F2 
15 leser in an oxygen-containing atmosphere. As a result the reduction of reflectivity caused by the F2 laser Irradiation 
can t>e avoided, even if the reflecting planes are formed of a metal film to olTtaIn good angular characteristics, such as 
a nsflectlvlty that is nearly comtant for a wide range of incident angles. 

[0102] Moreover, If the reflecting planes (lb, 2b) and the transmitting planes (1a, 1c, 2a, 2c) of the first optk»l path 
folding mirror 1 and the seoortd optical path foidlrtg mlnx>r 2 are located in the vicinity of the formation position of a first 

20 Intemiediate image and a s«»>nd Intermediate image, flaws, defects of coating, dust and tiie like on these planes are 
transferred to the wafer surface. Furthermore, setting a reduced i^gth from a reticle R to wafer W results in the min- 
iaturization of the apparatus. The compact nature of the apparatus Is also favorable in transportatk>n. Accordingly, in 
the third embodiment, ttie first intermediate image is formed between the emergent plane 1c of the first optical path 
folding mint^r 1 and a concave reflecting mirror CM. The second intermediate Image is formed between the concave 

2S reflecting mirror CM and incident plane 2e of the second optical path folding mirror 2. The third embodiment is spedf- 
icaiiy described below. 

[0103] Rg. 13 to a diagram illustrating the lens oonstiuctton of a catadioptric optical system (projectton optical system 
PL) according to ttie ttilrd embodiment. As in the first and second emkxKliments, the present Invention is also applicat>le 
to a projection optical system in which et>erratlons including chromatic ak>erratk>n8 are conrected for an exposure light 
30 with a wavelength of 1 57.624 nm (±1 pm) In the third embodiment. 

[01 04] In the catadioptric opticai system of Fig. 1 3. the first Imaging opticai system G 1 comprises a positive meniscus 
lens L11 having an aspherical concave surface facing to the wafer side, a negative meniscus lens L12 having a concave 
surface facing to the reticle side, a k)iconvex lens L13, a positive meniscus lens L14 having a convex surface facing to 
the reticle side, a positive meniscus lens L15 having a convex surface facing to the reticle side, a positive meniscus 

39 lens L16 having an aspherical concave surface facing to the reUcle side, a positive meniscus lens L17 having a concave 
surfeoe fedng to the reticle tide, a positive menisci^ lens L18 having a concave surface facing to the reticle side, a 
biconvex lens L19 and a positive meniscus lens L110 having an aspherfcal concave surface to the wafer sida in order 
from the reticle side. 

[0105] The second imaging optical system G2 comprises a negative meniscus lens L21 having a concave surface 

40 facing to the reticle side, a negative meniscus lens L22 having an aspherical concave surface facing to the rstide side 
and a concave reflecting mirror CM In order f^x>m the reticle side along the propagadve route of light (i-e., the Incident 
side). 

IfiiWi The third Imaging optical system G3 comprises a t>ioonvex lens L31 having an aspherical convex surface 
facing the reticle side, a biconvex lens L32, a positive meniscus lens L33 having a convex surface facing to the reticle 

40 side, a biconcave lens L34, a biconvex lens L35, an aperture stop AS, a negative meniscus lens 1^6 having an as- 
pherical convex surface facing to the wafer side, a biconvex lens L37, a biconvex (ens \J3B, a positive meniscus lens 
L39 having a convex surface facing to the reticle side, a negative meniscus lens 1^10 having a concave surface facing 
to the reticle side and a plano-convex ler« L311 having a plane surface to the wafer side In order from the reticle side 
along the pnopagatlve route of light 

BO [0107] Values of date of the catadioptric c^ticai system of the third emt)odiment are identified in the following teble 
(3). In the table (3), X represents the wavelength of exposure light, p the projection magnification (magnification of 
whole system), NA represents the numerical aperture on the image side (wafer side), B represents the radius of Im^e 
drcte IF on the wafer W, A represente the off-«is quantity of an eflective exposure region ER, UC the dimension of 
the efTedive exposure region ER along the X direction (dimension of long side), and LY represents tfie dimension of 

09 the effective exposure region ER along the Y direction (dimension of the short side), respectively. 

[0108] Moreover, surface no. represents the order of sjrfaces from the reticle side along the propagative direction 
of light from the reticle surtece which is an object surface (first surface) to the wafer surface lieing the image surface 
(second surface), r the curvature radius of surface (vertex curvature radius in the case of the aspherfcal surface: mm). 
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d the axial space of surface, i.e., surface distance (mm), and n the dioptric index to the wavelength, respectively^ 
[0109] Furthermore, the surface distance d changes its sign with reflected degree. Therefore, the sign of the surface 
distance d is taicen as negative on the optical path from the first optical path folding mirror 1 to the concave reflecting 
mirror CM arui on the optical path from the second optical path folding mirror 2 to the Image surface, and is taken as 
positive In other optical paths. Then , the curvature radius of convex surface facing to the reticle aide is taken as positive 
and the curvature radius of the concave surface facing to the reticle side is taken as negative in the first imaging optical 
system Gi . On the other hand, the curvature radius of corx»ve surface lacing to the reticle side is taken as positive 
and the curvature radius of convex surface facing to the reticle side is taken as negative in the third imaging optical 
system Q3. The curvatuie radius of concave surface directing to the reticle skle (i-e., the InckJent side) Is taken as 
positive and the curvature radius of convex surface facing to the retlcle side (i.e.. the IncWent skle) is taken as negative 
alor^g the propagatlve route of light in the second Imaging opttoai system G2. 
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(Main data) 
A = 157.824 nm 
B 3-0.25 
NA=0.76 
B = 14.6 mm 
A = 3mm 
LX=22aun 



LYs6.6iimi 

(Data of optical members) 
Siir£aceno. r d n 





(reticle siir&oe) 


7a905334 




1 


342.16576 


16.022696 


1.559307 QenaLll) 


2* 


991.85890 


17.753850 




3 


-219.16547 


12.000000 


1.559307 Qens Lid 


4 


•320.00000 


1.000000 




5 


2955.64679 


26.141048 


1.559307 QeneLld) 


6 


•246.44297 


1.000000 




7 


194.21831 


26.260817 


1.569307 (lens Ll^ 


8 


1329.96976 


1.000000 




9 


107.60955 


40.108611 


1.559307 OensLlS) 


10 


113.33032 


159.676621 
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•148.84038 

•120.00000 

•222.96846 

-160.00000 

•401.66677 

•18S.82866 

621.59548 

-467.86041 

163.47702 

493.47676 

CO 



117.68887 
494.06296 
162.16683 
424.66666 

174.61441 
424.66656 
162.16633 
494.06296 
117.68987 



49.913127 1.669307 Qens L16) 

1.000000 

20.859126 1.669307 Qens LIT) 

1.000000 

23.223530 1.669807 Qens LlflD 

LOOOOOO 

26.488040 1.669307 Qens L18) 
1.000000 

24.187162 1.669307 Qens LllG) 
69.076923 

42.000000 1.559807 Cmcideiit plane of 
first optical patiifioldiDg minor l) 
-6.000000 1.669307 Gceflecting plane 
of first optical path fi)lding^ mirror I) 
•288.268092 Wei^nt plane of 

first optical path (biding mirror 1> 
-20.000000 1.669807 dens 1.21) 



-20.317103 
-23.222126 
•3ai46320 

30.146820 
23.222126 
20.317103 
20.000000 
288.258092 



1.659307 (tens L22) 
(concave reflecting 

minor) 

1.559807 dens L22) 

1.669307 Oen8L2D 
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33 oo 6.000000 1.558307 Cmcident 

plane of eeoond <q;>tical path fiddinK mirror ^ 

0 

34 «p -42*000000 1.569S07&eflectiiig 

plane of second optical path folding mizTor 2) 
86 00 -75.000000 (emergent plane of 



second optical path folding mixror 50 



10 


86* 


•4472.69861 


•25.928698 


1.559307 <leii8L8D 




37 


261.48119 


-1.000000 




20 


88 


-702.65223 


•25.574812 


1.659307 Oen^LSd 




39 


484.70684 


-1.000000 






40 


•171,00841 


•36.095030 


1.559307 dens L8d) 


25 


41 


•824.20266 


•52.106994 






42 


Ud05.98183 


•29.474446 


1.559307 Cexi8L84) 


30 


43 


-116.92116 


-179.962947 






44 


-260.00000 


-35.678589 


1.669307 OeosLBS) 


3S 


45 


613.06439 


-28.469304 




46 


CO 


-24.889346 


(£Q)ertujre stop AS) 




47 


166.48619 


-20.183765 


1.669307 QensLSe)] 


40 


48* 


279.63959 


-1.000000 






49 


-1112.01574 


-39.567019 


1.659307 OensLST) 


45 


50 


293.63544 


-1.000000 






61 


-227.08614 


•39.175338 


1.559307 OensLSg) 




62 


3890.58196 


•& 160754 




BO 


53 


•120.00000 


-89.612810 


1.559307 Qen8L89) 




54 


•619.19928 


-10.442216 




09 


66 


467.48024 


•21.591666 


1.559807 aeiiBL31(d 
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56 2169.78969 1.000000 

67 •132.52125 -50.000000 1.559307 QeasLSll) 

8 

58 » 12.499991 
(wafer 8urfiEU36) 

10 

(Aspherical data) 
Siir£GiC6 2 

r = 991.85390 k = 0.000000 

C« = 0.117208 X 10^ Cb-0.310236x Ifrw 

20 

Cti = 0.401356 X 10-17 Cios -0.265485 x ia» 

C« = a4126l8 X ia« Cm = 0.238346 x lO"" 
Surfece 11 

r = -14&84038 ks 0.000000 

30 Ci s 0.637735 x 10^ Cs » -0.462907 x la" 

Ce= -0.137097 x l0-»« Cio = 0.476629 x ia«» 

Cu» -0.870286 X 10^ Cm - 0.833198 x 10» 

35 

Surface 20 

r - 493.47675 x = 0.000000 

C4 = 0.280809 X 10-7 C6 = 0.360031 x 10-12 

C8 = 0.929800 X 10-17 ClO = -0. 100162 x 10-20 

4, C12 » 0. 116060 X 10-24 Cl4 = -0.979417 x 10-29 

Sur&ce 26 and Surface 30 (same sur&ce) 

r - 162.15633 x = 0.000000 

C4 = -0.236140 X 10^ C8= 0.709685 x lO"" 

Ce= 0.957183 x IQr" Cio - -0.947024 x 10^ 

" Cia = 0.274134 x lO" Cm = 0.469484 x 1&«> 
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Surface 36 

r = -4472.59851 k = 0.000000 

C4 = 0.108255 X la? C6= -0.136832 x ICr^ 

Cs = 0.188102 X la" Cio = -0.163001 x lOr^ 

Cn = 0.128606 X 10^ Cu= 0.812367 x ia«> 

SurfkGd48 

r = 279.53959 k = 0.000000 

C4= 0.176863 X 1(X^ Cs= -0.889127 x la" 

Cb = 0.182824 X la^ Cio = a701110x lO^ 

Ci2 = 0.104172 X IQM Cm = 0.327893 x 10^ 

(Corresponding values of conditions) 

Bl = -0.650 

B2 = -0.866 

B8 = -0.446 

LI = 320.8 mm 

L2 s 365.2 mm 

E = 466.7 mm 

D== 466.6 mm 

(1) l/?2| =0.865 

(2) |L1-L2|/|L1|=0.138 
(&) 1/91/1^11=0.385 

(4) lE-DI/IEI =0.024 

[0110] ng. 14 are charts lllustraling the lateral aberratioris in the third embodiment. 

[01 11] In the at>erration charts, Y represents the Image height, the solid Dnes represent the wavelength 157.624 run, 
the broken lines represent wavelength 157.624 1 pm = 157.625 nm and the dashed lines lepresent wavetength 
157.624 - 1 pm 157.623 nm, rsspectively. 

[0112] As Is evident from the aberretion charts, it is known that the chromatic afcterratlons can be corrected for the 
exposure Dght wUh a wavelength of 157.624 ± 1 pm In Itie third emtiodlment as similarly corrected in the first and 
second emtxxilments. 

[0113] As described above, in the first to third embodiments, with respect to the F2 laser having a center wavelength 
of 157.624 nm, a NA of 0.75 In image side can t>e provkJed and the image circle with radius of 14.6 mm, in whk;h the 
aberrBtions t>eglnning with the chromatte aberrations are corrected, can be provided on the wafer. Therefbra, a high 
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rBsolution cf about 0.1 can be obtained in addition to providing a rectangular affective exposure region that hs 
approximately 22 mm x 6.6 mm. 

[01 14] Moreover, in the first to third emiwdiments, an off-axis quantity A as small as about 3 mm can t}e set up on 
the wafer W because the second imaging opHcal system G2 has a neariy unit (equal) magnification p2 and the opticai 
0 path separation is provided in the vicinity of the two intemnediate images formed by a mutual approach. As a result, a 
rectangular effiective exposure region approximately as large as 22 mm x 6.6 mm can be provided in the image circle 
that is as small as about 14.6 mm in radius. Thus, an optical system superior In aberration oorredion, miniaturization, 
optical adjustment, mechanical design, and In cost of manufacturing can be ot)tained. 

[01 1 q Furthermore, In the first to third embodiments^ the reHcle R and the wafer W can be arranged in parallel to 
10 each other and along a plane perpendicularto the direction of gravity (i-s., horizontal plane). All the lenses constituting 
the first Imaging optical system G1 and the third imaging opticai system G3 can be arranged in parallel along a single 
optical axis AX of the direction of gravity k>ecause the first imaging optical system G1 and the third Imaging optical 
system Q3 are provided in an upright position along the common rellsrenoe optical axis AX. Accordingly, the reticle R, 
the wafer W and most of lenses constituting the projection opticai system PL (91 % in numt>er for ail the enrtbodiments) 
18 ere parallel , and are not subject to asymmetrical deformation caused by their own weight. Ulcewise, optical adjustment, 
mechanical dedgn and high resolution are advantageously ensured. 

[01 iq Additionally, in the first to third emtx)diment8, the intersection line of the reflecting planes of the first optical 
path folding mirror 1 and the second optical path folding mirror 2 are set up so that the optical axis AX1 of the first 
imaging optical system G1 , the opticai axis AX2 of the second imaging opticai system 62 and the optical axis AX3 of 

20 the third imaging optical system G3 intersect at one point (reference point) . The first opticai path folding mirror 1 and 
the second opticai path folding mirror 2 are Int^rally formed as a triagonai prism member in which the fop side and 
the bottom side are shaped into right angled Isosceles triangles, i.e., one optical path folding mirror FM. As a result, 
the stability of the opticai system Increases. The optical adjustment and mechanical design ans simple because it is 
possible to position the three optical axes AX1- AX3 and the ridge lines of the optical path folding mirror FM In connection 

2S at one reference point. In addition, the high-accura<^ opticai adjustment Is simple and the optical systems have higher 
stability because the optical axis AX2 of the second imaging optical system G2 is set up so tliat It is perpendicularto 
the reference optical axis AX which is the common optical aids of the first imaging optical system G1 and the third 
imaging opticai system 63. 

P117] Furthermore, in ttie first to third emtxxJiments, the Intersection line of reflectlrig planes of the first optical path 
30 foidirig mirror 1 and the second opticai path folding mirror 2 are set up so that the opticai axis AX1 of the first imaging 
opticai system Q 1 , the optical axis AX2 of the second Imaging optical system G2 and the opticai axis AX3 of the third 
imaging optical system 63 Intersect at one point (reference point) as described above. As shown in the alternative, 
Rgs. 15 aruJ 16. illustrato an intersection line of reflecting planes of the first optical path folding ntfrror 1 and the second 
opticai path folding mirror 2 which Is not located at the intersection of the optical axis AX1 of the first imaging opticai 
35 system 61 , the opticai axis AX2 of the second irruiglng optical system 62 and the optical axis AX3 of the third imaging 
optical system G3. 

[01 iq Rg. 15 is a scliematic block diagram cf a catadioptric opHcal system taaed on modification example 1 . in the 
catadioptric optical system shown in Fig. 15, the opticai axis AX1 of thetirst imaging optical system G1 and the optical 
axis AX3 of the third imaging optical system G3 are coincident The intersection line of reflecting planes of the first 
40 opticai path folding mirror 1 and the second optical path folding mirror 2 is located on the side opposite to the concave 
mirror CM for the optical axis AX1 of the first imaging optical system 61 and the optical axis AX3 of the third imaging 
optical system G3. 

[01 10] Rg. 16 Is a schematic block diagram of a catadioptric optical system based on modification example 2. in the 
catadioptric optical system shown In Rg. 1 6, the optical axis AX1 of the first imaging optical system G 1 and the optical 
45 axis AX3 of the third imaging optical system G3 are coincident The intersection line of reflecting planes of the first 
optical path folding mirror 1 and the second opticai path folding mirror 2 is located on the side of concave mirror CM 
for the optical axis AX1 of the first imaging opticai system G1 and the opticai axis AX3 of the third imaging optical 
system G3. 

[0120] Moreover, in previous emtxxiimenit, the optteai axis AX1 of the first imaging optical system 61 and the optica 
so axis AX2 of the second Imaging opticai system 62 are orthogonal arxl the optical axis AX2 6f the first Imaging optical 
system G2 and the optical axis AX3 of the third Imaging optical system G3 ars orthogonal. However, they may also t>e 
constituted so that ttie opticai axis AX1 of the first imaging opticai system G1 , the optical axis AX2 of the second imaging 
opticai system 62 and the optteai axis AX3 of the third imaging opticai system 63 are non-orthogonai. See, e.g., 
modificatton raimpie 3 shown in Fig. 17. 
S5 [0121] Furthermore, in previous emtxjdiment, the opticai axis AX1 of the first imaging optical system G1 and tfie 
optical axis AX3 of the third Imaging optical system G3 are coincident However, a construction In which the optical 
axis AX1 of the first Imaging opticai system G1 and the opticai axis AX3 of the third Imaging optical system G3 shift in 
parallel to each other Is also possible. See, e.g., modificatton example 4 shown In Fig. 1 8. in the modificatkm example 



28 



EP1 191 378 A1 



4 shewn in Fig. 18, the Intersection iine of the first optical path foiding mirror 1 and the second optical path folding 
mirror 2 Is not coincident with the optical axis AX1 of the first imaging optical system G1 and the optical axis AX3 of 
the third Imaging optical system G3. The Intersection line of the first optical path foiding mirror 1 and the second optical 
path folding ntirror 2 may also be constituted so that It is coincident with the intersecticn of optical axis AX1 of the first 

9 imaging optical system 61 and optical axis AX2 of the second imaging optical system 62 or the intersection of optical 
axis AX2 of the second Imaging optical system G2 and optical axis AX3 of the third imaging optical system G3. 
[0122] Additionally, In previous embodiment, the optical axis AX1 of the first imaging optical system G1 and the 
optical axis AX3 of the third Imaging optical system 63 are In parallel to (coincident with) each other (the axle AX1 of 
the first Imaging optical system 61 and the axis AX2 of the second Imaging optical system 62 are made orthogonal 

to and the axis AX2 of the second Imaging optical system 62 and the axis AX3 of the third imaging optical system 63 
are made orthogonal). However, a construction In which the optical axis AX1 of the first imaging optical system 61 and 
the optical axis AX3 of the third imaging optical system 63 are not parallel to each other is also possible. See. e.g., 
modification example 5 shown in Fig. 19. In the modification examples shown In F^. 19. the intersection line of reflecting 
planes of the first optical path foiding mlnx)r 1 and the second optical path folding minor 2 Is set up so that it intersect 

t5 with the optical axis AX1 of the first imaging optical system 61, the optical axis AX2 of the second imaging optical 
system 62 and the optical axis AX3 of the third imaging optical system 63 at one point (reference point). However, 
they may also be constituted so as not to intersect at the reference point. See, e.g., tire modification example 2 shown 
in Fig. 16 and Rg. 16. 

[0123] Next, a detailed construction of the projection exposure apparatus of the embodiment shown in Rg. 2 is 
20 described below. 

[0124] Rg. 8 Is a diagram showing the general construction of the projection exposure apparatus of the embodiment 
shown in Hg. 2. Rg. 9 is an enlaiged diagram which sfiows a portion of to the illumination optical system of the projection 
exposure apparatus of Fig. 8. Rg. 10 Is an enlarged diagram which shows a portion of ttie projection opHcal system 
of the projection exposure apparatus of Rg. 8. 

25 [0125] Rrst, a detailed construdion of the portion of the iilumlr^tion optical system IL of Figs. 8-9 is described. 

[0126] The projection exposure apparatus is provided with a F2 iaseriight source 100, e.g., 156.624 nm in wavelength 
us^ In a natural oscillation (almost half width 1 .5 pm). However, the application of an ArF exdmer laser light source 
of atXMJt 193 nm. a KrF exclmerSght source of atxMJt 248 nm. an Ar2 laser light source and the Dice can also k>e used 
In the present invention. The light source 100 may be arranged on the lower floor where the main body of the exposure 

^ apparatus. An exclusive area (footprint) of main body of the exposure apparatus can be decreased and an Inftuenoe 
of vibrations on the main body of the exposure apparatus can abo be reduced. 

[0127] A light from the light source 100 Is led into the Inside of a first iilumlnation system casing 110 via a beam 
matching unit (BMU) 101. The first Illumination system casing 110 receives movable optical elements Inside It and 
supports them by a supporting member 210 on a base plate 200. The beam matching unit 101 contains a movable 

^ mirror matching an optical path between the light source 100 and an the main body of the exposure apparatus. More- 
over, the optical path between the light source 1 00 and the beam rrmtching unit 101 is optically connected tiy a cylinder 
(tube) 102. and an optical path between the beam matching unit 101 and the first illumination system casing 110 Is 
opticaliy connected tiy a cylinder (tube) 1 03. Nitrogen or a rare gas (inert gas), such as helium and the like, Is filled in 
the optical path of the cylinder 102 and cylinder 103. 

^ [0128] The light led Into the Inside of the first Illumination system casing 110 passes through a micro fl/s eye lens 
111 (an optical system equivalent to a first fi/s eye lens), and lens groups 112, 113 constltutlr^ an afocal zoom relay 
optical system (a both side telocentric zoom optical system), and then comes to a turret 1 14 for loading plural diffraction 
array optical elements or dioptric array optical elemenls. The micro 11/s eye lens 111 Is an optical system comprising 
many fine (micro) lenses having a positive dioptrfc powra* and arranged vertically and horizontally in a dense arrange- 

45 ment. 6enerally. the micro fl/s eye lens 111 Is constituted, e.g., t>y applying an etchir^ treatment to a parallel plane 
glass plate to form the fine lens groups. Diffraction anay optical elements disclosed In USP 6,850.300 can t>e used as 
the diffraction array optical elements, and dioptric array optical elements disclosed in WO 99/ 49505 (EP 1,069.600), 
wherein the elements are formed on one substrate by an etching technique can be used as the dtoptrlc array optical 
elements. 

50 [0129] In the plural diffracticn array optical elements or the dioptric array optical elements supported by the turret 
114, a light passing through one diffraction, or dioptric, array optical element positioned in the illuminating optical path 
Incides into a micro fl/s eye lens 1 17 via a focal zoom optical system (115, 1 16). A Iront focal point of the albcal zoom 
optical system (115, 116) is positioned In the vicinity of the diffraction array optical element or the dioptric array optical 
element of the turret 114. The micro fl/s eye lens 1 17 Is an optical system equivalent to a second fi/s eye lens. The 

S3 micro fl/s eye tens 117 includes many fine lenses which are much firter than fi/s eye lenses and produces a large 
wave fi-ont dividing effect. Thus, an illuminating aperture stop Is not provided on its emergent side (back focus plane) . 
The micro fl/s eye lens 117 is constituted by a pair of micro fl/s eye lenses at a space along the optical axis, and an 
aspherfcal surface may also k» Introduced into its reltacling surface. This construction results In the suppression of 
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the oocurrenoe of e coma aberration In the micro fly's eye lens 117 and suppresses the occurrence of uneven illumi- 
nance distribution on the reticle. Furthermore, a turret type stop provided with a iris stop, a annular aperture and a 
quadrupole aperture may also be arranged inlheviclniiy of rear focal plane of the micro fl/s eye lens 117. 
[0130] The Dght exiting from the micro fl/8 eye lens 11 7 Illuminates a movable bllrul mechanism 120 superimposed 

0 via a condenser optical system (11 8. 1 1 9). The front focal position of the movakde bOnd mechanism 1 20 Is positioned 
in the vicinity of position of a surface light source (plural Dght source images) formed by the micro ft/s eye lens 117. 
The movable bflnd mechanism 120 Is provided with a fbced iilumination field stop (fixed blind) 121 with a slit aperture 
and a movable blind 122 for varying the width of an iilumination field region In the scanning direction. The movable 
blind 122 allows for a decrease in the moving strolce of a reticle stage In the scanning direction and a decrease In the 

10 width of shading zone (frame) of reticle. Moreover, the fbced bDnd 121 Is arranged together with the rsticte. The con- 
struction of the movable blind mechantem 120 Is disdosed in Japan Kolcal 4-196513 (USP 5,473.410). 
[0131] The light passing through the movable blind mechanism 120 emits from the first Illumination system casing 
110 and Is led to the Inside of a second illumination system casing 130. An Imaging optical system of the IDumlnating 
field stop is provided Ibr re-imaging tire iiluminating field stop on the reticle tyy a given enlargement magnification. The 

ts lens groups (131-134) and optical path folding mirrors (135, 136), which constitute the Qiumination field stop Imaging 
optical system must not be used for a vibration source because they are fixed to the second illumination system casing 
130. The second Qiumination system casing 1 30 Is supported by a supporting memtier 211 on the base plate 200. Tlie 
magnification factor of the Imaging optical system of IDumlnating field stop may be equal to (unity) or a reduced ratio. 
[0132] In other hand, driving units (142, 143) for drlvirrg the lens groups (112, 113) of tiie afocal zoom relay optical 

20 system in the direction optical axis are arranged in the first iliumirwtion system casing 110. The driving units (142, 
143) are mounted to the outer side of the first IDumination system casing 110 to prevent the contamination in the 
illuminating optical path. A driving unit 144 for rotatlonalty driving the turret 114 and driving units 145, 146 for driving 
tiie lens groups (1 15. 116) constituting the afocal zoom relay optical system In the direction of optical axis are mounted 
to the out^ side of the first Iilumination system casing 110 to prevent the contamir^tion in the illuminating optical path. 

^ [0133] Furtherdrivlngunits(147, 146)fordr1vingthelensgroups(116, 119) constituting the condenser optical system 
in the direction of optical axis, rotating at least one lens group with an axis perpendicular to the optical axis as center 
and moving (ofHsetting) the other lens group In tlie direction perpendicular to the optical axis are mounted to the outer 
side of the first illumination system casing 110. The focal length of the condenser optical system can be changed and 
in Its tum the size of an iilumination region formed on a wafer and the iilumination NA (numerical aperture) can be 

30 property changed on the reticle independently of each other by movement of the lens groups (1 16, 119) in tine diredion 
of optical axis. Controls of slanted illuminance (inclined illuminance distribution) on tlie wafer surface and slanted 
(inclined) telecentrldty are obtained t>y the rotetion and offiset of the lens groups (118, 119). An IDumlnanoe control 
symmetrical to the optical axis on the wafer surface is obtained tiyrnovlng one leris group In the direction of the optical 
axis separately from a previous illumination field varlat>le. 

[0134] Furthermore, a tube 151 for allowing nitrogen or a rare gas (inert gas), such as helium and the liice, to fiow 
into the Inside of the first iilumination system casing 110, and a tube 152 for aOowfng nitrogen or a rare gas (Inert gas), 
such Bs helium and the like, to discharge from the first Qiumination system casing 1 10 are arranged on the outer side 
thereof. >^lves (161 , 162) for contFolilng the gas Inflow rate/outflow rate are arranged at the tAses (151 . 152), respec- 
tively. If the inert gas Is helium, the tut>es (151 , 152) are connected to a helium recovery/regeneration unit e.g., disclosed 

40 In Japan Kokal 11-219902 (WO 99/26010. EP 1 ,030,351). 

[0135] While a tube 163 for allowing rtitrogen or a rare gas Onert gas), such as helium and the like, to flow into the 
Inside of the second Illumination system casing 130 and a tube 154 for allowing nitrogen or a rare gas (Inert gas), such 
as heDum and the like, to discharge from the second Diuminatfon system casing 130 are arranged on the outer side 
thereof. Vah^es (163, 164) for controlling the gas Inflow rate/outflow rate are arranged at the tdbes (153, 154). respec- 

43 tively. If the inert gas is helium, the tubes (153. 164) are also connected to the previously mentioned helium recovery/ 
regeneration unit. 

[013Q Further, a tieilows 170 is provided for connecting the first iilumination system casing 110 and the movable 
blind mechanism 120. Another t^ellows 171 Is provkJed for connecting the movable k>llnd mectanism 120 and the 
second illumination system casing 130. The bellows 170, 171 are formed of a material which has a certein degree of 
so fiexibllity and rigidity that is not so great as to deform and to ensure less degassing, e.g., a metal or a material given 
by ooatir^ a rubber or resin with aluminum and the like. 

[0137] In the illumination optical system IL arranged as above, a beam inckienit from the laser light souroe 100 to 
tiie micro ft/s eye lens 111 Is dMded twodimenstonally by many fine lenses, and one light source Image Is fbnned on 
the back focal plane of each fine lens, reflectively. The beam from the many Dght source images (surface light sources) 
95 fomied at the back focal plane of the mtero fl/s eye lens 111 inddes into one diffraction array optical element, e.g., a 
diffraction optical element for annular modified llkimination, arranged in the illumination optical path by the turret 114 
via the efocal zoom relay optical system (112, 113). The beam converted to rings via the diffraction optical element for 
annular modified illumination forms a annular IDumlnatton field at Ite back focal plane and In Ite tum at the IncMemt plane 
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of the micro H/s eye lens 117 via the afbcal zoom optical system (115, 116). 

[0138] The beam inci<fing into the micro fly's eye iens 117 is divided two-dimenslonaliy by many fine lenses, and a 
light source Image is fbmwd on the back focal plane of each fine lens whwe the beam tnddes, respedivety- Thus, 
many annular light sources (secondary surface light sources) are provided (same as the liluminatlon field formed by 

8 the beam Incflnlng Into the micro fl/s eye iens 117). The light from these secondary surliace light sources Is subjected 
to a condeiwig action of the condenser optical system (118, 119) and then illuminates a given plane optically together 
with the reticle R superimposed. Thus, a rectangular IDuminatlon field similar to the shape of each fine lens constituting 
the micro fly^ eye lens 117 Is Ibinied on ttie fbced blind 121 arranged at this given plane. The beam passing throi^h 
the fixed blind 121 and the movable blind 122 of the movable blind mechanism 120 Is subjected to a condensing action 

10 of the imaging optical system of Illumination field stop (1 31-134) and then Illuminates the reticle R with a given formed 
pattem evenly and superimposed. 

[0139] Here, modified illuminations like annular modified illumination or multi-pole (e.g., dipole (two-eyed), quadru- 
pole (fbur-eyed), octapole (etght-«yed) and so on) modfied Oiumlnatton and conventkinal circular illumination can be 
Imposed t>y switching the dififractton array optical elements or the dk>ptric array optical elements arranged in the illu- 

15 mination optical path by the turret 11 4. In the case of the annular modified illumination, for example, both the size (outer 
diameter) and shape (annular ratio) of a annular secondary light source can be changed by cfmnging the magnification 
oftheafocal zoom relayoptteal system (112, 113). Moreover, the outer diameter of the annular secondary light source 
can tie changed by changing the focal length of the fbcad zoom optical system (115. 118) without changing its annular 
ratio. Only the annular ratk> of ttie annular secondary light source can be changed by properly changing tfie focal length 

20 of the focal zoom optical system (115, 116) without changing the outer diameter of tfie Gght source. 

[0140] A detailed construction of a portion of the projection optical system PL Is described hereafter, with reference 
to Fig. 8 and Fig. 10. 

[0141] The described pro|ectlon exposure apparatus is horfzontally arranged on the floor of a clean room and Is 
provided with the base plate (frame caster) 200 whteh becomes the datum of the apparatus. Plural supporting memt)ers 

25 (221, 222) are vertically arranged on the base plate 200. Only two supporting memt>ers are sfiown in Figs. 8 and 10, 
but four supporting memt>er8 are verticaUy arranged in practice. Tliree supporting memt>er8 may also be used. 
[0142] Anti-vit>ration units (231, 232) for isolating vibrations Arom the fioor at a micro G level are mounted to the 
supporting members (221 , 222), respectively. In the anti-^bration units (231 , 232), an air mount with controllatile irrtemal 
pressure and an electromagnetic actuator (e.g., voice coil motor) are arranged In paraDel or in series. The transmission 

30 of vibrations from the floor to a column 240 for holding the projection optical system Is reduced by ihe action of the 
anti-vtbratlon units (231 , 232) . A plurality of supporting memt>er8 (251, 252) for supporting a reticle stage fixed plate 
301 are vertically arranged on the column 240. in Rgs. 8 and 10. only two supporting memt)er8 (251 . 252) are shown, 
but they are actually four members (may also be three members). 

[0143] The shown projection exposure apparatus is provided with a reticle stage RS fioat supporting on the reticle 
35 base fixed plate 301 . The reticle stage RS is constituted so thatthe reticle R can be Onearly driven in the Y-axis direction 
with a large stroKe. and also can be driven in the X-axis. Y-axis directions and 8 z(dirBction of rotation around the Z 
axis) with a little driven amount Moreover, a reticle stage RS in which a reticle stage and a reticle t>ase between the 
reticle base fixed plate and tfie reticle stage is provided. The reticle base may be shifted so as to Iceep a momentum 
in a direction reverse to the direction of movement of the reticle stage. Such a reticle stage is disclosed, e.g., In Japan 
40 Kbkal 11-251217 (USP Appi. 260. 544 filed on March 2, 1999). Moreover, a reticle stage holding two reticles along ttie 
Y-axIs direction (scanning direction) as shown in Japan Kokal 10-209039 (EP 865,623) and Japan Kokal 10-214783 
(EP 951 ,054) may also be used as the reticle stage RS. 

[0144] A reticle interferometer RIF Is arranged on tfie reticle liase fixed plate 301 for measuring the position and tfie 
amount of movement of tfie reticle stage RS in the XY direction. One end of the reticle stage RS Is a reflecting plane, 

43 which is a moving (measuring) mirror of the reticle Interferometer RIF. A reticle chamt>er partition 310 for fomting a 
space where an optical path in the vicinity of the reticle R Is sealed with an Inert gas (nitrogen, helium and the Dice) is 
arranged on the reticle base fixed plate 301 . A door for moving the reticle in or out of a reticle stocker (not shown) may 
be provided. A reticle pool room for temporarily receiving tfie reticle before moving the reticle Into the reticle cfiamt>er 
and replacing the internal gas with an inert gas is arranged by adjoining it to the reticle chamber. 

BO [0145] At}ellows321 for connecting the reticle ctiamt>er partition 310 and the second illumination system casing 130 
Is arranged. The material of the bellows 321 is similar to the previously mentioned belbws (170, 171). A tube 331 for 
allowing nitrogen or a rare gas (inert gas), such as heDum and ttie Olce. to flow Into the reticle chamber and a tube 332 
for allowing nitrogen or a rare gas Onert gas), such as heflum and tfte like, to discharge from the reUde chamber are 
arranged on Oie outer side of the reticle cfiamt)er partition 310. If the inert gas is heDum, and the tubes (331, 332) may 

09 also be connected to Vie previously mentioned heDum recovery/regeneration unit 

[0146] N^Ives (341 , 342) for controlling the gas inflow rate/outfiow rate are arranged at tfie tubes (331 , 332), respeo- 
tively. Moreover, a bellows 351 for connecting the reticle base fixed plate 301 and tfie projection optical system Is 
arranged. The material off ttie bellows 351 Is similar to the previously mentioned k>ellow8 321 . Tims, the space in tfie 



31 



EP1191 378 A1 



vicinity of the reticle R is sealed by Itie action of tlie reticle chamber partition and the bellows (321, 351). 
[0147] The projection exposure apparatus Is provided with a wafer stage fixed plate 401 . The wafer stage fixed plate 
401 is horizontally supported on the base plate 200 by the action of anti-vibrBtion units (41 1 . 41 2) for isolating vibrations 
from the floor at a mIciD G level. In the antt^bration units (411 . 412), an air mount with controllat>le internal pressure 
0 and an electromagnetic actuator (e.g., voice coO motor) may be arranged in parallel or in aeries. The wafer stage WS 
Is movable In the XY direction and is floatably loaded on the wafer stage fixed plate 401. 

[014q The wafer stage WS comprises a Z-leveling stage for inclination in the biaxial direction of 0 x (direction of 
rotation around the X axis) and (y (direction of rotation around the Y axis) and movatto In the Z-axis direction and a 
( stage fbr making It movable in the 0 z (direction of rotation around the Z axle) direction. For example, a wafer stage 
10 cflsdosed in Japan Kokal 8-03231 (GB 2.290,658) can be used as the wafer stage WS. Moreover, two wafer stages 
may also be arranged described in Japan Kokal 10-163097, Japan Kolcai 10-163098, Japan KokeA 10-163099. 
Japan Koi(8i 10-163100, Japan Kokal 10-214783 (EP 961 .054). or Japan Koi(ai 1 0-209039 (EP 855.623), WO 98/28665 
or WO 98^40791. 

[0149] QB 2^90,668. EP 855.623, EP 951,054, WO 98/28665 and WO 98/40791 are incorporated herein by ref^ 
18 ence. 

[0150] A wafer table (wafer holder) WT for loading the wafer by vecuum suction and/or electrostatic suction ar- 
ranged on the wafer stage WS. A wafer chamber partition 411 fbr forming a space where an optical path In the vicinity 
of the waf^r W b sealed with an Inert gas (nitrogen, helium and the like) is arranged on a wafer stage fixed plate 401 . 
A door for moving the wafer in or out of a reticle stocker (not shown) may be provided. A reticle spare room for temporarily 
20 receiving wafers before moving the wafers into the wafer chamber and replacing the Internal gas with an inert gas Is 
arranged by adjoining it to the wafer chamber. 

[01 51] A sensor column SO is fixed to a lens barrel (or the column 240) of the projection optical system. An alignment 
sensor 421 for optteally me^urlng tlie position of an alignment mark on the wafer W In the )CY twoKiimenskHial direction 
is provided, an auto-fbcus leveling sensor 422 fbr detecting the position of the wafer in the Z-exis direction (optical axis 

25 direction) and the Inclinations of 8 x, 0 y and 0 z In triaxial direction and a wafer interferometer WIF fbr measuring the 
position and amount of movement of the wafer table WT In the XY direction are mounted to the sensor column SC. 
pi152] At least one of a FIA (Field Image Alignment) system whtoh Ihe mark position by illuminating an alignment 
marfc on the wafer with a light having a broad wavelength regton. such as a halogen lamp and the like, and then 
processing this mark image, a LSA (Laser Step Allgriment) system which measures the mark position by irradiating a 

30 laser Dght on a mark ar^l then ising e light dilfraded and scattered by the mark and a LI A system (l^ser interferometrlc 
Alignment) which detects the positional infbrmation of maric from its phase by irradiating a laser Dght with only a little 
different f^quency on an aOgnment mark Dke diflractton gratings ftom two directtona and then interferf ng two diflractton 
lights generated by the mark with each other is suitable for the alignment sensor 421 . 

[0153] The auto-fbcus leveling sensor 422 detects wtiether the surface of wafer to be exposed coincides (focuses) 
M with the image surface of the projection optical system. An auto-focus leveling serisor which detects Z-axIs direction 
poaitk>ns of detection points in plural locations arranged into a matrix Is suitable fbr the auto-focus leveling sensor 422. 
in this case, the detedton points in plural locations are arranged In a range Including the slit-like exposure region 
formed by the projection optical system. 

[0154] The wafer interferometer WIF measures the poation and the amount of movement of the wafer stage In the 
^ XY directksn. One end of the wafer stage WS becomes a reflecting plane. The reflecting plane becomes a moving 
(measuring) mirror of Ihe wafer InterfBrometer WIF. A tube 431 for allowing nitrogen or a rare gas (Inert gas) . such as 
helium and the like, to flow Into the wafer chamt^er and a tube 432 for aOowing nitrogen or a rare gas (inert gas), such 
as helium and the like, to discharge from the wafer chamber are arranged on the outer skle of the wafer chamt)er 
partition 411. 

^ [0155] If the inert gas Is heDum, the tubes (431 . 432) can be connected to the previously mentk>ned helium recovery/ 
regeneration urtit. Valves (441 , 442) for controlGng the gas inflow rate/outflow rate are arranged at the tubes (431 , 432), 
respectively. Moreover, a bellows 451 for connecting the wafer ciiamber partition 411 and the sensor column SC Is 
vertically arranged on tiie wafier stage fbced plate 401 . The material of the belk>ws 451 is same, e.g., as the prevkHJsly 
mentioned beflows 321. Thus, the space in the vicinity of the wafer W Is sealed by the action of the wafbr chamber 

so partition 411 and Ihe t>ellows 461. 

[0156] The des^bed projectton exposure apparatus is provided with a parallel plane plate LI for covering a purge 
space in the projection optical system. The projection optical system is provided with a first imaging optical system for 
fonning a primary Image (a first intermediate image) of the pattem of ttie reticle i^ TTie first Imaging optical system is 
composed of lenses (L2-L7: corresponding to L11-L110 In the first Imaglr^ optical system of Fig. 2). The parallel plane 

88 plate L1 and the lenses (L2-L7) are received In divided barrels (601 ^07). respectively. Connection techniques between 
the divided barrels are disclosed in. Japan iCokai 7-86152 (USP 5,638,223). 

[0157] The parallel plane plate LI is held by a ceO 511 . The ceD 511 hokis the parallel plane plate LI so as to t)e put 
t>6tween the top surface and the under surface of the parallel plane plate LI. The hekl tecations are plural locations 
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(3 locations or more) in the drcumfefential direction (6 z direction) of the parallel plane plate L1. An air (ga8)-tight 
structure is disposed l>etween the parailel plane plate LI and the cell 51 1 . The lenses (L2-L7) are held t>y cells (51 2-517). 
The cells (512-517) hold the Imses (L2-L7) so to tie put lietween the top surface and the tx)tlom surface of rims 
arranged at Ifie periphery of the lenses (l^-L7). The held locations are pluial locations (3 locations or more) In ttie 
s circumferential direction of the lenses. 

[01 58] The divided t>arrels (50 1 -507) end the cells (51 1 ^ 1 7) are connected by frames 52 1 -527. Ape rtunes for allowing 
an inert gas (helium) to pass inside of the projection optical system are arranged In the frames 521-527 at plural 
locations along Its drcumlBrentlal (tangential) direction. An air (gas)-tlght structure Is disposed b^ween the Ihame 621 
and the divided t>arrel 501 . 

10 [0159] In the fir^ imaging optical system, an actuator 532 for moving the lens 1-2 in the optical axis direction (Z 
direction) and inclining It In the 0 x, 0 y directions Is arranged. This actuator 532 is an-anged at a pitch of 120o in three 
locations which Is equal distant from the optical axis arKi spaced in the circumferential direction (z direction) . A linear 
motor, piezoelectric element, cylinder mechanism driven kiy a pressure fluid or gas and the like can lie used as the 
actuator 532. If the driven amount of actuator 532 is the same, the lens L2 can be moved in the optical axis direction. 

ts The lens L2 can t^e Inclined in the Ox, Oy direction by setting It up so that the driven amount of the actuator 532 in three 
different locations is different, respectively. Actuators 533. 535. 536. 537 operate similar to actuator 532. 
[0160] in ttie first Imaging optical system, an actuator 543 for moving the lens U In the XY plane is arranged. These 
actuator 543 Is between the actuator 533 and a f^me 523 and is arranged at a pitch of 120o In three locations which 
are equal distant from the optical axis and different in the circumferentiai direction (6 z direction). A Dnear motor, pie- 

20 zoelectric element, cylinder mechanism driven tiy a pressure fluid or gas and the like can be used as the actuator 543. 
A tube 551 for allowing heDum to flow into the inside of the projection optical system Is arranged in the (fivkJed tmrrd 
611 . This tube 551 may also t>e connected to the previously mentioned helium recovery/regeneration unit A vahre 561 
for controlling Ihe gas inflow rate is arranged at the tube 561. 

[0161] The projection optical system is provided with an optical path folding mirror FM integraliy formed by a first 

25 optical path folding mirror and a second opticat path folding mirror. The optical path folding mirror FM can l>e fonned, 
e.g., by vapor depositk>n of a metal, such as aluminum and the like, on two side faces in a triagonai prism member in 
which the top surface and the tower surface are in the shape of right angled Isosceles triangles. A dielectric multilayer 
film may also be vapor deposited In place of a metal film. As the materials of dielectric mumiayer film, metal fiuorides 
such as aluminum fluoride, cryolite, chiolite, lithium fluoride, sodium fluoride, barium fluoride, calcium fluoride, mag- 

30 nesium fluoride, yttrium fluoride, ytterbium fluoride, neodymium fluoride, gadolinium fluoride, lanthanum fluoride, os- 
mium fluoride, strorrtlum fluoride and the like can be used. A construction in which a dielectrte muitflayer film is arranged 
on a metal film, such as aluminum and the like, may also be used. The dielectrte multllayer film functions as a pratectton 
coat tor preventing the metal film from oxidation. This dielectric multilayer film functions to correct the phase dHVerence 
between P polarization and S poiarizatton caused by a reflecting light from the metal film so as to decrease it and to 

95 correct a difference in ptase difference t>etween P polarizatton and S poiarlzatton due to the incident angle (emergent 
angle) (angular characteristic of PS phase difference) so as to homogenize it in a desirable range of incident angles, 
if a phase difference t>etween P polarization and S polarization ^sts, this Is undesirable t)ecause the imaging positions 
of an image due to the P polarization and an image due to the S polarization deviate and cause the deterioratton of 
Image quality on the Imaging surface; thus a desirable resolution is not otTtained. Moreover, two plane minors may l>e 

40 kept so as to perpendicularly Intersect to each other in place of forming the first and the second optical path folding 
mlTors on one member. I n this case. It is consklered that Ihe two plar>e mirrors are kept adjustably, e.g., by a technk|ue 
disclosed in Japan Kokal 2000-28698, which Is incorporated herein by reference. 

[0162] The projection optical system Is also provided with a second imaging optical s^tom for forming a second 
intemiediate image (a secondary image of the pattem) nearty equal to the first intermediate image In size, k)ased on 

45 a light from the first Intermediate image formed by the first imaging optical system. The second imaging optical system 
is provkied with lenses (L8, L9: corresponding to negath/e lenses L21. L 22 in the second Imaging optteai system G2 
of Fig. 2) and a concave refiecting minor CM. SIC or a oonvosite of SiC and SI can be used as the material of ttie 
concave reflecting mirror CM. It is preferak^le to ooat the entire concave reflecting mliror CM with SIC fbrdegassification 
prevention. The reflecting surface of the concave refiecting mirror CM is formed by vapor deposition of metals, such 

^ as, e.g., atuminum and the like. A dielectric muiti-layer film may also be vapor deposited in place of a metel film. In this 
case, es the materials of dieledric multilayer film, metal fiuorides such as aluminum fluoride, cryolite, chtolite. lithium 
fluoride, sodium fluoride, lierlum fluoride, calcium fluoride, magnesium fluoride, yttrium fluoride, ytterbium fluoride, 
neodymium fluoride, gadolinium fluoride, lanthanum fluoride, osmium fluoride, strontium fluorkte and tlie like can be 
used. A construction In which a dielectric multilayer film Is arranged on a metal film, such as aluminum and the like, 

88 may also l>e used . The dielectric multilayer film functions as a protectton coat for preventing the metal film from oxidation. 
This dielectric multitayer film enables the metal film to have a correcting function so as to decrease the phase cfifferenoe 
between P polarization and 8 polarization caused by a reflecting light from the metel film. The correcting function nearty 
homogenizes a difference in phase difference between P polarizatton and S polarizatton caused Ivy the incktent angte 
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(reflection angle) (angular characteristic of PS phase difference) in a desirable range of incident angle. If the phase 
differenoe between P polarization and S polarization exists, this is undesirable l)ecause the imaging positions of an 
image due to the P polarization and an image due to the S polarization deviate and cause the deterioration of image 
quality on the Imaging surface and a desirable resolution is not obtained. The materials of the concave reflecting mIrTor 
0 can Include ULE or Be. If Be is used, it is preferat>le that the whole concave reflecting mirror CM is coated with SIC 
and the llice. 

[0163] The optical folding mirror FM and the lens L8 are contained by a divided barrel ^1 , the lens 1^ is contained 
by a divided barrel 602 and the concave reflecting mirror CM is contalrmd in a divided t»rrel 603. A holding member 
610 Ibr holding the optical Iblding mirror FM Is mounted to the divided t>arrei 601 . A mechanism for adjusting the position 
to of the optical folding mirror FM (first and second optical folding mirrors) in the 9 x, 0 y, 0 z directions and its position in 
the XYZ directions may be arranged between this holding member 610 and Ihe divided barrel 601. 
[0164 The lenses (L8, L9) of the second imaging optical system are supported by supporting members (611, 612). 
Supporting members disclosed In Japan Koloi 6-250074 and Japan laical 11-231192 are suitable Ibrthese supporting 
members (611, 612). The concave reflecting minor CIVI of the second Imaging optical system Is supported by a sup- 
is porting memt)er 61 3. Supporting members disclosed in Japan Kolcai 6-250074, Japan Kolcai 11-231192 are suitable 
for this supporting member 613 and are incorporated herein by reference. 

[016q The projection optical system Is furtirer provided with a third imaging optical system for forming a final image 
(a reduced image of the pattern) on the wafer based on a light from the second intermediate image formed by the 
second imaging optical system. The third imaging optical system is provided with ler^ses (L10-L13: con-esponding to 

20 the lenses L31-L^11 in the third imaging optical system G3 of Rg. 2) and a variable aperture stop unit AS. The lens 
L10 is contained by a divided barrel 701 and the lens L1 1 is contained by a divided barrel 702. A flange FL supported 
by a column 240 Is arranged in the divided barrel 702. Techniques for connection of the flange FL and the column 240, 
for example, are disclosed In Japan Kolcai 6-300955 (USP 5.576,895) and Japan Kolcai 11-84199 are applicable. A 
sensor oolumn SO is mounted to the flange FL. 

^ [0166] The variable aperture stop AS is contained by a ciivided barrel 703 and tiie lenses (LI 2, LI 3) are contained 
by divided barrels (704, 70S). TTie L10-L13 are supported t>y cells (711-712, 714-715), respectively. The structure of 
the cells (711-712, 714-715) is similar to that of the ceO 512. An air (gas)-tight structure is disposed between the lens 
L13 and the ceil 715 in the cell 715. 

[0167] In the third imaging optical system, frames (721-722, 724-725) for connecting the divided baneis (701-702, 

90 704-705) and the cells (711-712, 714--715) are arranged. Apertures for allowing an Inert gas (helium) to flow into the 
Inside of the projection optical system are arranged In plural Icx^tlons along their circumferential direction in the frames 
(721-722, 724-725). An air (gas)-tight structure Is disposed between the cefl 715 and the divided barrel 705. 
P)16q In the third iirmging optical system, actuators (731 -732, 734} for moving the lens (L10-L12) In the optical axis 
direction and Inclining the imaging optical system In the 0 x, 0 y directions are arranged. These actuators (731-732, 

^ 734) have construction sImDar to the actuator 532. A tut>e 751 for allowing helium to discharge from the projection 
opticai system is arranged In the divided barrel 705. This tut>e 751 is also connected to the previously mentioned lieiium 
recovery/regeneration unit. A valve 761 for controlling the gas Inflow rate is arranged at the tut>e 751. 
[0169] Next, the embodiments of a manufacturing process wherein the previously mentioned exposure apparatus 
and an exposure metiiod are used in the lithographic process are described t>elow. 

^ [0170] Rg. 11 Is a diagram showing the flowctiart of a manufacturfng process (semiconductDr chips such i» IC or 
LSI and the DRe, liquid crystal panel, CCD, thln-film magnetic head, micro-machlr)e and so on). As shown in Fig. 11, 
design step 201 Illustrates a function/k>roperty design (e.g., (Circuit design d semiconductor devices and the lilce) of 
devices (micro-devloes) and a pattern design for obtaining the functions are also made (design step). Successively, a 
mask (reticle) for forming a designed circuit pattern is prepared In a step 202 (masic preparation step) . Attemativeiy, 

45 wafers can be manufactured with a material such as sHIcon and the lilce in a step 203 (wafer manufacture step). 

[0171] Next, in the step 204 (wafer processing step), actual circuits and the lilce are formed on the wafers by using 
wafers prepared in step 201 and step 203 acccxding to a iitiiographic techniciue and the like as described later. Sul>- 
sequently, in the step 205, the device assembly is conducted by using wafers processed in step 204. Such processes 
Include, e.g., a dicing process, a bonding process and a packaging process (chip enck>8ure) and so on in step 205 

so according to demand. 

[0172] Rnaliy, in a step 206 (Inspecticxi step), inspections conducted include, e.g., an action confirmation test, a 
durability test and so cxi for the devices prepared in stop 205. After processing, the devices ars cx>mpletod and shipped. 
[0173] Rg. 12 is a diagram showing one example of ttie vrafer processing of step 204 in Rg. 11 f9r semicxxiductor 
devicies. In Rg. 1 2, tlie wafer surface Is oxidized in a step 21 1 (oxidatten step). An insulating film Is formed on the wafer 
55 surface in a step 212 (CVD step). Electrodes are formed on tlie wafers t>y vapor depositten In a step 213 (electrode 
formation step) . An Ion is Implanted into the wafers in a step 214 (Ion Implantation step). Steps 211 through step 214 
constitute a pretreatment process of the wafer processing, and are selected and executed according to the demand 
<»lled for tsy tfie proc^essing steps. 
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[0174] In the wafer processing steps, if the above pretreatment process has been completed, a post-treatment proc- 
ess as follows Is executed. In the post-treatment process, first, a sensitizer Is applied 1o wafers In a step 215 (resist 
formation step). Successively, a circuit pattern of mask given by tfie iltliographic system (exposure apparatus) and 
exposure method described above is transferred on wafers in a step 216 (mposure step) . Next, the exposed wafers 
are developed In step 217 (development step), and exposed memk)ers In a part, except Ibr an area wtiere the rsslat 
remains, are removed by etching in step 218 (etohing step). After, the etching Is finished, any unnecessary resist Is 
rerroved In step 219 (resist removal step). 

[0175] Circuit patterns are formed on the wafers by repeating the above mentioned pretreatment and post-treatment 
process steps. 

to [01 76] If the manulacturing method of this embodiment Is appOed, devices with a high integrated level of about 0.1 
\im in minimum line width can k>e produced with sufficient yield. The method applies the use of the exposure apparetus 
and the exposure method described above In the exposure process (step 216), thereby Improving the resolving power 
of an exposure light in the vacuum ultravioiet region and producing high accuracy mposure control. 
[0177] Moreover, in this emtx>diment forni, the tut>e8 connected to the inside of the projection optical system are 

15 disposed in two locations. The number of tubes Is not limited to only two locations. For example, a numt)er of tubes 
(inflow port/outflow outlet) corresponding to respective lens chambers (spaces between optical memt>ers) may l>e 
arranged. TTie pressure fluctuation of the gas In the projection opticai system and the inumlnation optical system can 
be suppressed to a pnsdetemiined value. At this time, an anowat)le value of the pressure fluctuation is set up such that 
the value of the projection opticai system more tight than that of tiie Illumination optical system. 

20 [0178] Furttrermore, the pressure change of an inert gas filled or circulated among optical elements of the IDumlnatlon 
system and projection optical system is detected, and optical elements for atwrretion correction (L2-i^, US-LT, L10-L12 
in Rg. 8 through Rg. 10) may also be driven based on the detected result. Such a technique is disclosed, e.g., in 
WO99/10917(EP 1,020,897). 

[0179] Additionaiiy, it is preferable that the concentrations an<Vor the total amount of Dght^at^sorbing substances 

26 (gases such as oxygen (O2), carbon dioxide (CO2) and the Dke, water vapor (H2O) and so on, are given as substances 
atisorbing exposure beams and Dght-^sorblng suttstances for the F2 laser light of wavelength 157 rvn) in the optical 
path of the Illumination optical system, the optical path in the reUde chamber, the optical path In the projection qstlcal 
system and the optical path In the wafer diamber are controlled independently of each other. For ^cample, allowable 
concentrations and an allowable total amount of ttie light"«l>sorbing substances can t>e variably set up because the 

30 wafer chamber and the reticle chamber fiave short optical paths. Thus, the open/dose mechanisms of the reticle 
chamt}er are simplified and contact with the outside air or mbc-ln of light-^sorblng sutistances is avoided k>ecause of 
the reticle exchange and the wafer exchange. Allowable concentrations aruj an allowable total amount of the llght- 
at>sort>ing substances are harshly sat up In response to the Illumination optical system liaving a long optical path. 
[0180] An F2 laser can be Incorporated In this embodiment which can Inciude. nltrogen(N2). rare gases such as 

36 helium (l-le), neon (Ne), argon (Ar) and the IDce as a permeable gas having a wavelerigth of 157 run. Heflum gas Is 
partlcuiarty superior in high permeability, 8tat>Uity of imaging characteristic of optical system and cooling property since 
its heat conductivity is about 6 times greater than that of nitrogen and Its fluctuation of dioptric Index to pressure change 
Is atiout 1/8 greater than that of nitrogen ges. In this embodiment, the gas In the wafer chamber arKi the reticie chamtier 
which fills the opticai path of the interferometers (wafer interferometer, reticle Interferometer) and the inside of the 

40 projection optical system can be helium. And, the gas In the optical path of the IDumlnatlon o^rtlcal system can be 
nitrogen gas In order to r^uce the running cost The gas used In the optical path of the Illumination optical system can 
also be heDum and the gas in the wafer chamber, the reticie chamber, and inside the projection optical system can bo 
nitrogen. 

[0181] The following photopermeabie optical materials constituting the Illumination opticai system and the projection 
45 optical system that can be used inciude: lenses, parallel plane plates, micro fl/s eye lenses and difiractlon opticai 
elennentB. In addition, fiuorite {CaF^, modified quartzs such as F-doped sIDca glass, F- and H-doped silica glass, OH- 
contalnlng silica glass, F-doped and OH-containing sHIca glass and the like can also bo used. Ttie photopermeabie 
opticai materials constituting the lliundnatlon optical system and the projection optical system may also include the 
previously mentioned modified quartz, in the F-doped silica glass, the fluorine concentration is pref^biy 100 ppm or 
60 more, and more preferably in a range of 500 ppm - 30.000 ppm. in the F-doped and l-l-doped silica glass, the hydrogen 
concentration is preferably 5 x 10^^ molecules/cm^ or less, and more preferably 1 x IC^^ molecules/cmd or less, in 
the OIH-containIng silica glass, the ooncentratlon of Ol-i group is preferably In a range of 10 ppm - 100 ppm. in the F- 
doped and Ol-l-oontalning siBca glass, the fluorine concentration Is preferably 100 ppm or more and the concentration 
of OH group is preferably lower than the fluorine concentration. In this embodiment the concentration of OiH group is 
09 preferably in a range of 10 ppm - 20 ppm. 

[0182] When an image Is formed by using a region free of the optical axis of the projection optical system, as in the 
present embodiment, an illumination opticai system disclosed In Japan ICokai 2000-21765 (USP AppL 340,236 filed 
on July 1 , 1999) can be used as the illumination optical system. 
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[0183] Moreover, in this embodiment, a portion of Itie optical element in the optical elements constituting the projec^ 
tion optical system is inclinable to the 8 x, 6 y directions and/or movable In the XY plane. The optical elements may 
also be rotatably arranged In a direction of notation (6 z direction in the first and third Imaging optical systems) with the 
optical axis as the center by forming the optlcai surfaces (refractive surfaces/reflecting surfaces) of these optical ele- 
8 ments so as to have different powers In the meridional directions perpendicular to each other (dioptric plane/reflecting 
plane) of the optical elements (conducting an astigmatic sur^ce processing). This arrangement results In corrad asym- 
metrical aberrations such as an astigmatic differerKO on the optical axis (center astigmatism) of the projection optical 
system, or a rhombic distortion of tliat. 

[0184] F=^ example, a construcQon In which an actuator and a driving axis are disposed along the tangential direction 
to of the dnsumstanoe of the frame Is arranged between a frame and a divided barrel such that the frame Is driven to the 
divided banrel in the Q z direction. It Is prelerable that the actuator Is equal distant from the optical axte and arranged 
In a plurality of different locaHons at an equal-angle pitch In the circumferential direction ( 0 z direction). A mechanism 
for rotating optical membere with an astigmatic surface Is disclosed In Japan Kokal 8-327895 (USP 6.852,518). Fur- 
themrore, a purge space may also be Ibnned on the outside of the purge space of the illumination optical system and/ 
f 9 or purge space of the projection optical system. In this case, the allowable concentration and allowable total amount 
of iight-^sork^ng substance of the purge spaces on the outside are set up more unexacting than the purge spaces on 
the inner side (ttie purge space of the illumination optical system and/or the purge space of the projection optical 
system). 

[0185] Additionally, a paraDel plane plate is arranged on the wafer side of the lens on the wafer side of the projection 
20 optical system. The parellel plane plate may also be provided as a cover to the purge space of the prejet^on optica 
system slmiiar to the reticle side. 

[0186] In addition to the F2 laser light that supplies a pulse light having a wavelength of 157 nm as provided for in 
this embodiment Implementing various other light sources Is also possible. For example, ttie following light sources 
can be implemented a KrF exclmer laser light supplying a light of wavelength 248 nm, and an ArF exdmer laser Oght 

25 supplying a light of wavelength 193 nm, and an Ar2 laser light supplying a light of wavelength 126 nm. A harmonic 
wave given by ampliiyir^ a laser light with a single wavelength In the infrared region oscillated lh>m a DFB semicon- 
ductor laser or a fit>er laser or In the visible region with an Er<ioped (or both Er- and Yk)-doped) fiber amplifier that 
converts the light source to an ultraviolet Dght with a nonlinear optical crystal may also be used. 
[0187] The present invention is appGcable not only to micro-devices such as, semiconductor devices and the like, 

30 but ateo to an exposure apparatus for trensferring circ^t patterns from a mother reticle to a glass substrate, or a siDcon 
wafer and the iike. to manufacture a reticle or a mask used In, e.g., a ilght exposure apparatus, an EUV exposure 
apparatus, an X-ray exposure apparatus and an electron ray exposure apparatus and the tike. Transmitting reticles 
are oommonly used In the exposure apparatus using DUV (deep ultraviolet) or VUV (vacuum ultraviolet) light and the 
iike. Siik» glass, F-doped sOk^a glass, fluorite, magnesium fluoride, or qimrtz crystal and the like are used as the reticle 

ss substrate. In a proximity-nK)d8 X-ray exposure apparatus and an electron ray exposure apparatus and tfie like, trans- 
mitting masks (stencil mask, membrane mask) are used. A silicon wafer and the Gke Is used as the mask sukistrate. 
Such exposure apparatus are disclosed In WO 99/34255 (EP 1 ,043, 625), WO 99A5071 2 (USP Appl. 661 ,398 filed on 
September 13, 2000), WO 99/86,370, Japan Kokal 11-194479. Japan Itokai 2000-12453, Japan Kokal 2000-29202 
and so on. 

40 [0188] The present invention Is applicable not only to the marujfacture of semiconductor devices, but also to an 
exposure apparatus which can transfer device patterns onto a glass plate which are used in the manufacture of displays 
Including ilquki crystal display devices. An exposure apparatus which trensfere device patterns onto a ceramto wafer 
and which are used In the manufacture of thln-fllm magnelk; head, and an exposure apparatus used In the manufecture 
of image pickup devices such as CCD and the like, and so on can ateo be applied. 

45 [0189] The atx}ve-desaibed present Invention applies the scanning step mode of operation. The present Invention 
is also applicable to a step^and-repeat nruxle reduction projection exposure apparatus in which mask pattOTis are 
trensferred to a substrete in a static state of the mask and the substrete. The substrate Is then ntoved in successive 
steps. 

[0190] An aperture stop Is ananged in the third imaging optical system in the previously mentioned emtxxfiment. 
so The ap^lure stop may also be ananged In the first Imaging op1k:al system. A field stop may al^ tie arranged in at 
least one of ttie position of the Intemiediate Image between the first Imaging optical system and the second Imaging 
optical system, and the position of the intermediate image between the second imaging optical system and the third 
Imaging optical system. 

[0191] The projection magnification of the catadioptrfc projection optical system Is given as a reductton ratto In pre- 
ss vkujsly mentioned emIXMliment i-lowever. the projection magnification is not limited to the reduction ratio (magnifica- 
tion), It can also be an equal retio (an unit magnlficatton) or an enlangement ratio (magnification). For example, if the 
projection magnification Is the enlargement retio, the optlcai system can tie arranged so that a light Is Incided from the 
sMe of the third Imaging optical system, a primary image of the mask or the r^tele Is formed tiy ttie third bnaging optical 
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system, a secondary Image is fbmied by the secondary imaging optical system arxl a tertiary image is fbmwd by the 
first imaging optical system on a substrate such as wafer and the iilce. 

[0192] As descrikied above, in the catadioptric optical system, the projection exposure apparatus and the exposure 
method Including the optical system of the previously mentioned embodiments, the optical adjustment and mechanical 

9 design are Improved. The atierrations beginning with chromatic atierratiorts can be fully corrected. For example, a 
resolution of atxsut 0.1 (m or less can be achieved by using a light with a wavelength of 1 80 nm or less in the vacuum 
ultraviolet wavelength region. Particularly, in the previous embodiments, the optical path separation is disposed in the 
vidnlty of two intennedlate images which are formed by a mutual approach of the second imaging optical s^em having 
a nearly equal <unit) magnification. Thus, the present Invention provides for a small distance m the exposure region 

10 from the optical axis. I.e., the offset quantity, and Is favorable In atyerration correction, miniaturization, optical adjust- 
ment, mechanical design, manufacturing cost and so on. 

[019Q Moreover, In the manufacturing method of micro-devices uslr^ the projection exposure apparatus and the 
exposure method of the previously mentioned embodiments. Improved micnxjevlces can be nrmruifBctured via the 
projection optical system in which the optical adjustment and mechanical design are simple, in addition, aberrations 
15 beginning with chromatic aberrations can be fully corrected and a high resolution of about 0.1 ^m or less can be 
achieved. 



daima 

20 

1. A catadioptiic optical system forming a reduced Image of a first surface onto a second surface comprises: 

a first imaging optical system for forming a first Intermedteto Image of the first surface; 

a first folding mirror which is arranged in the vicinity of a position of forming the first intermediate image to 

^ deflect a beam prior to or after the position where the first intermediate image is formed; 

a second imaging opHcal system for forming a second Intermediate Image with a magnification factor nearly 
equal to the first intennedlate image in the vicinity of a position (^forming the first intennedlate image based 
on the beam fhm the first intermediate Image, the second Image optical subsystem has a concave reflecting 
mirror and at least one negative iens; 

30 a second folding mirror which is arranged in the vicinity of a position of forming the first intermediate Image to 

deflect a beam prior to or alter the position where the second intermediate image is formed: and 
a third Imaging optical system which Is arranged In an optical path between the second Imaging optical sub- 
system and the second surface ai>d has a dioptric Imaging optical system to form the reduced image onto the 
second surface based on the beam from the second Intermediate Image. 

35 

2. The catadioptric optical system of Claim 1, wherein a refiectir^ surface of the first folding ntfrror and a reflecting 
surface of the second folding mirror are positioned so that they do not overlap spatially. 

3. The catadioptric optical system of Claim 1 or 2, wherein the following condition is satisfied: 

40 

|L1-L2|/|L1| <0.15, 

where a first distance t>etween the first intermediato Irrmge and the concave reflecting mirror in the second imaging 
45 optical sut>system along the optical axis is defined as LI , and a second distance between the second inteimedlate 

Image and the concave reflecting mirror In the second Imaging optical sul)system along the optical axis Is defined 
asi^. 

4. The catadioptric optical system according to any one of Claims 1-4, wherein: 

60 

the first Intermediate Image Is formed in an optical path kyetween the first folding minor and the second Imaging 
optical 8uk>8y8tem, and 

the second Intemnedlate image Is fonned In an optical path between the second imaging optical sut»ystem 
and the second folding mirror. 

55 

5. The catadioptric optical system according to any one of claims 1-4, wherein: 

an Intersection Dne of an extension plane of the reftecting surface of the first folding mirror and an extension 
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plane of the reflecting surface of the second folding mirror Is set up so that an optical axis of the first imaging 
optical subsystem, an optical axis of the second imaging optical sut^system and an optical axis of the third 
Imaging optical subsystem Intersect at one point 

6. The catadioptric optical system according to any one of claims wherein: 

the first folding mirror has a back surface reflecting minor for reflecting a t>eam from the first imaging optical 
system to the second Imaging optical system, and 

the second folding mirror has a back surface reflecting mirror for reflecting a beam from the second Imaging 
optical system to the third Imaging optical system. 

7. A catadioptfic optical system forming a reduced Image on second surface comprises: 

a first Imaging optical system with a first optical axis, which is arranged In an optical path between the first 
surface and the second surface and has a dioptric imaging optical system; 

a second imaging optical system with a concave refleding mirror and a second optical axis, which is arranged 
in an optical path tietween the first imaging optical system and the second surface; and 
a third Imaging optical system with a third optical axis, which is arranged in an optical path between the second 
Imaging optical system and the second surface and h^ a dioptric Imaging optlcad system, 

where the first optical axis and the second optical axis Intersect with each other and the second optical axis 
and the third optical axis intersect with each other. 

a. The catadioptric optica) system according to any one of claims 1 -7, wherein all lenses constituting the first Imaging 
optical system and ail lenses constituting the third imaging optical system are arranged along a slr^le optical axis. 

9. The catadioptric optical system according to any one of claims 1-8, wherein a ma^ification P2 of the second 
imaging optical subsystem satisfies the ffollowing condition: 

0.82 < |P2| < 1J20. 

10. The catadioptric optical system according to any one of Claims 1-8, wherein the following condition is satisfied: 

0.20 <|P|/|P|< 0.50, 

where a magnification of the catadioptric optical system is defined as p, and a magnification of the first 
imaging optical subsystem is defined as p 1. 

11. The catadioptric optical system according to any one of claims 1-10, wherein the catadioptric optical system Is a 
teieoentric optical system on both sides of the first surface and the second surface, and satisfies the following 
condition: 

|E-D|/|E|<0^, 

where a distance between a surfece of the first Imaging optical suk)system one most Image side arxl an exit pupil 
position along the optical axis Is defined as E, and a distance tsy air conversion from the surface of the first imaging 
optical subsystem on the most Image side to the concave reflecting minor in the second imaging optical sul>8ystem 
along the optical axis Is defined as D. 

12. The catadioptric optical system according to any one of dalms 1*11, wherein: 

85% of the number of lenses In all lenses constituting the catadioptric optical system are arranged along the 
single optical axis. 

13. The catadioptric optical system according to dalms 1-12, wherein: 
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the seoond imaging optical suteystem has at least two negative lenses. 

14. The catadioptrlc optical system according to any one of claims 1-13, wherein: 

Itie catadloptrfc optical system fcnms the reduced image on a positton deviating firom a position of referenoe 
in an optical axis of the catadioptric optical system on the seoond surfece. 

15. A prplecllon ^qposure apparatus for prajecting a pattem on an orfginal to a photosensitive substrate through a 
projection optical system, comprises: 

the projection optical system comprises: 

a first imaging optteal subsystem having a dioptric imaging optical system; 
a second Imaging optical subsystem having a concave reflecting mirror; 
e third imaging optical subsystem having a dioptric Imaging optical system; 

a lirst folding mirror arranged in an optical path tietween the first imaging optical subsystem and tiie second 
Imaging optical sul)system; and 

a seoond folding mirror arranged in an optical path between the second Imaging optical subsystem and 
the third Imaging optical subsystem; 

said first Imaging optical sut>system forming a first Intermediate image of the first surface into the optical 
path between the first imaging optical subsystem and said seoond Imaging optical subsystem, and said 
second Imaging opticai sut>system forming a second intermediate Image of the first surface Into tiie optical 
path between the second Imaging optical sutnystem and the third Imaging optical subsystem. 

19. The projection exposure apparatus according to Claim 15, wherein said first folding mlnx>r and said second folding 
mirrlr have a first refiection suilace and a second refiedion surface which are positioned so thatthey do not overlap 
spallaliy. 

17. The projection exposure apparatus according to claim 16, wherein said first and second refiection surfaces are 
substantially fiat. 

18. The prelection exposure apparatus according to any one of claims 16-17, wherein said projection opticai system 
forms a reduced image of said pattem on said photosensitive sulwtrate. 

19. The projection exposure apparatus according to any one of claims 16-18, vrherein at least one of said first imaging 
opticai system and said second Imaging opticai system has a aperture stop. 

29. The proSecUon exposure apparatus according to any one of daims 15-19. wherein a pattem on said original Is 
prpjected on said photosensitive substrate with moving seid original and said photosensitive substrate in the same 
direction with respecA to said projection opticai system. 

21. The prpiectlon exposure apparatus according to any one of daims 15-20, wherein an optical meml>eroonstfUCtlng 
said first Imaging opticai system is arranged along a first optical axis extending In a straight line, and an opticai 
member construding said third imaging optical ^stem is arrartged along a third opticai axis extending In a straight 
line. 

22. The prpjedion exposure apparatus according to any one of claims 15-21, wherein: 

the first imaging optical subsystem and the third imaging optical subsystem have a common opticai axis, arnS 
the first surface and the second surface are orthogonal In a direction of gravity. 

23. The proiection exposure apparatus according to Claims 15-22, wtierein a magnification fi2 of the second imaging 
opticai subsystem satisfies the following condition: 

0.82 < |P2| < 1.20. 

24. The projection exposure apparatus according to any one of daims 16-23. Herein the fdlowing condition Is sat- 
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0^0 <|p|/|p|< 0.60, 

6 

where a magnification of tfie catadioptric optical system is defined as P, and a magnification of the first 
Imaging optical subsystem is defined as pi. 

25. The proieGllon exposure apparatus according to any one of daims 16-24, wherein said projection optical system 
to is teiecentric optlcai system In the both of the original side and the photosenslth^ sut)strate side and the concave 

mirror in said second imaging optlcai system is arranged in vicinity of a pupO theraof. 

26. The prpjedion optical system according to any one of claims 16-25. wherein: 

15 the first intermediate image is formed in an optlcai path t^etween the first folding mirror and the smond Imping 

optical systm, and 

the second intermediate image is formed in an optical path t)etween the second imaging optical system and 
the second folding mirror. 

20 27. The projection exposure apparatus according to daim 26, wherein said first and second intemiediate Images are 
formed at opposite sides through said second Imaging optical system respectively. 

28. The projection exposure apparatus according to any one of daims 15-27, wherein: 

25 a second optical axis of the second imaging optlcai system is orthogonal to a first opHcai axis of ttie first imaging 

opUcai system and a third optical axis of the third Imagir^ optical system. 

n. The projection exposure apparatus of Claim 28, wherein: 

30 the second optlcai axis of the second Imaging optical system extends In a stra^ht line. 

30. The projection exposure apparatus accordir>g to any one of claims 15-29, wherein: 

an intersection One of an extension plane of the reflecting surface of the first folding mirror and an extertsion 
3S plane of the reflecting surface of the second folding mirror is set up so that an opdcai axis of the first imaging 

optical system, an optical axis of the second imaging optical system and an optical axis of the third Imaging 
optlcai system intersect at one point 

31. The protection exposure apparatus according to any one of daims 15-30, wherein: 

40 

the first foldirtg mirror has a t>aclc surface reflecting mirror for reflecting a beam from the first Imaging optical 
system to the second Imaging optlcai system, and 

the second foldfrig mirror has a K»clc surface reflecting mirror for reflecting a toam from the second imaging 
optical system to the third Imaging optical system. 

46 

32. The projection exposure apparatus according to claims 15^1, wherein an image of said pattern Is formed in a 
position deviating from a position of a reference optical axis of the projection optical system on the photosensitive 
substrate. 

BO 33. An exposure method comprising the steps of: 

generating an illumination light in the ultraviolet region; 

DIumination an original on which a prsdetermined pattern Is formed kiy the illumination light; 
projecting said predetermined pattem of said original arranged on said first surface, onto a photosensitive 
S3 sutistrate arranged on said second surteoe lyy using a catedloptrfc optical system according to any one of 

claims 1-14. 

34. An exposure method for pnojecfing a pattem on a projection orfgbiai onto a photosensitive substrate via a projection 
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optical system comprises: 

directing an iilumlnating light In the ultravfolet region to the pattern: 

directing the iliuminating light to a first imaging optical system containing a dicplrtc imaging optical system via 
0 ttie pattern to form first intermediate image of the pattern of the projection original: 

directing the Illuminating light from the first Intermediate image to a second Imaging optlcai system oontainiiig 
a concave reflecting min^or to form a second intennedlate image; 

directing the Illuminating a light fhom the second Intemnedlate Image to a third Imaging optical system containing 
a dioptric imaging optical system to forni a second Intermediate image; 
to deflecting the IDuminatIng light from the first Imaging optical system t^y a first folding mirror arranged In an 

optical path between the first Imaging optical system and the second Imaging optical system; and 
deflecting the Iliuminating light from the second Imaging optical system by a second folding mirror arranged 
in an opticai path between the second Imaging optical system and the third Imaging optical system. 

18 35. The exposure method according to claim 34, wherein said first and second folding mirrors have a first and second 
reflecting surfaces which are positioned so that they do not overlap spaHaliy. 

36. The exposure method according to daim 35, wherein said first and second rsfiedion surfaces are sut>stanitlally fiat. 

20 37. The exposure method according to any one of daims 34^36. wher^n said final image Is a reduced image. 

38. The exposure method according to any one of claims 34-37, wherein at least one of said first Imagir^ optical 
system and said second Imaging optical system has a aperture stop. 

^ 39. The exposure method according to any one of Claims 34^, wherein: 

the pattem on the protection original Is projected onto the photosensitive 8ut>strate and exposed while the 
projection original and the photosensitive substrate are moved In the same direction for the projection optlcai 
system. 

30 

40. The exposure method according to any one of claims 34-39. wtierein: 

Itie first fokSng mfrror has a beck surface reflecting mirror for reflecting a beam from the first imsglng optical 
system to the second imaging optical system, and 
35 the second folding mirror has a back surface reflecting mirror for reflecting a beam fkom the second imaging 

optical system to the third imaging optical system. 

41. The exposure method according to any one of claims 34-40, wherein an optical member constructing said first 
imaging opticai system is arranged along a first optical axis extending in a straight line, and an optical member 

40 constnjcting said third Imaging opticai system is an^nged along a third optical axis extending in a straight line. 

42. The exposure method according to any one of claims 34^1, wherein: 

the first imaging optical system and the third imaging opticai system have a common optical axis, and 
45 the first surface and the second surface are orthogonal in a direction of gravity. 

43. The exposure method according to any one of claims 34-42, wherein a magnification p 2 of the second imaging 
optical system satisflee the following condition: 

^ 0.82 <|p2|< 1.20. 

44. Ttie exposure method according to any one of Claims 34-43. wherein the fbllowing condition is satisfied: 
^ 0.20 <|P|/|P|< 0.50, 

wtiere a magnification of the catadloptric opticai system Is defined as p, and a magnification of the first 
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Imaging optical system is defined as p 1 . 

45. The exposure method according to any one of claims 34^, wherein said projection optical system is teleoentric 
optical system In the txith of the oil^nal side and the photosensitive substrate side and sans concave mirror In 
said second Imaging optical system Is arranged In vicinity of a pupil thereof. 

46. The exposure method according any one of claims 34^5, wherein: 

the first Intermediate Image Is fbmned In an optical path between the first fbiding mirror and the second Imaging 
optlcai system, and 

the second intermediate Image Is formed in an optlcai path tietween the second imaging optical system and 
the second folding mirror. 

47. The exposure method according to dalm 46. wherein said first and second intsimediale images are formed at 
opposite sides through said second imaging optical system respectively. 

48. The exposure method according to any one of claims 34^7, wher^n: 

a second optical axis of the second Imaging optical system is orthogonal to a first optical axis of the first imaging 
optical system and a third optical axis of the third Imaging optical system. 

49. The exposure method according to Claim 48, wherein: 

the second optlcai axis of the second Imaging optical system extends in a straight line. 

50. The exposure method according to any one of Claims 34-49. wherein: 

an InterBectfon One of an extension plane of the reflecting surface of the first folding minor and an extension 
plane of the reflecting surlaoe of the second folding mirror Is set up so that an optical axis of the first Imaging 
optical system, an optical axis of the second Im^ng optical system and an optical axis of the third Imaging 
optlcai system Intersect at one point 

51 . The exposure method according to any one of daima 34-50, wherein the final Image isformed in a position deviatbig 
from a position of a reference optical axis of the projection optical ^stem on the photosensitive substrete. 

52. A manufbdurfng method of micro-devices comprises: 

a lithographic process using ttie projection exposure method according to any one of claims 33-51. 

53. A manuflacluring method of micro-devices comprises a lithographic process using the projection exposure appa- 
ratus according to any one of claims 16-32. 

54. An imaging optical system fbrming an Image of a first surface onto a second surface, oomprfses: 

at least one reflecting surface arranged between the first surface and ttie second surface, 
the refiecting surface comprising a metallic reflective fiim and a correction film which is ananged on the metaDIc 
reflective film and oorrecls a phase difference caused by a diflierence of deflected state possessed by a re- 
flected light from the metallic reflective film. 

55. The imaging optical system of Claim 54, wherein: 

the correction fiim corrects an angular charecterlstic of the phase difference caused tyy the difference of de- 
flected states possessed by the reflected iigtit Irom the metallic reflective film so as to olitain a desired distri- 
bution. 

58. The Imaging optlcai system according to Claim 54 or 55. wherein: 
the correction film has a dielectric muitOayer film. 
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57. The imaging optical system aocording to any one of claims 54-56, wheiein: 

the metallic reflecttve film contains aluminum. 

s 58. The Imaging opticai system according to any one of claims 54-57, wherein: 

the reflecting surface is an-anged on the optical folding mirror for intersecting optical axes k^elbre and after the 
reflecting surface inteisect with each other. 

10 59. The imaging optical system according to any one of claims 54^59. wherein the Imaging optical system forms an 
image of the first surface onto the second surface based on a radiation of 200 nm. or less. 

60. Tlie Imaging opticai system according to any one of claims 54-69. vrherein the image on said first surface Is formed 
in a position devlaling from a position of a refsrenoe optical axis of the prGfection optical system on the second 

15 surface. 

61. A projection exposure apparatus Ibr projecting a pattern on a projection original on a photosensitiva sulntnate 
using a projection optical system, the image of said projection original arranged In a first surface on the photosert- 
sitive sut>strBte an^anged on a second surface, usirig the imaglrYg optical system according to any one of claims 

20 54-60 as said projection opticai system. 

62. A projection exposure method for projecting a pattern on a projectionorlginai onto a photosensilive sutjstrste using 
a projection optical system comprising a step of^ 

^ projecting an image of the projection original arranged on the first surface on the photosensitive sukistrate 

arranged on the secorKi surface k)y using the imaging optical system according to any one of Qaims 54-60 
as the prelection optical system. 

63. A projection exposure apparatus for projecting a pattem on a projection original onto a photosensitive sukistrate, 
30 wherein the projection optical system has at least one reflecting memt>er arranged in an optical path t)e1weOT the 

first surface and the second surface, and said reflectlr^ memtser reflects a light so that a phase difference t>etween 
a P polarized component and a S polarized component for the reflecting memtier substantially does not exist when 
the P poiarind component and the S polarized component come to the photosensitive sut»trate. 

35 64. The projection exposure apparatus according to Claim 63, wtiereln said reflecting member reflects ttie light so that 
a phase differeruse caused ksy a difference of deflected state does not exist 

65. The projection exposure apparatus according to daim 63 or 64, wherein said reflecting member has a metaDic 
reflective film and a correction film which is arranged on the metallic reflective film and conrects a phase diftorenoe 

40 caused tyy a difference of deflected state possessed by a reflected light f^om the metallic reflective flim. 

66. The prelection exposure apparatus according to Claim 65, wherein: 

ttie conectlon film haa a dielectric multi-4ayer fOm. 

45 

67. The prelection exposure apparatus according to Claim 65 or 66. wherein: 

the metallic reflective film contains aluminum. 

so 58. The projection exposure apparatus according to Claim 63. wtierein: 

said reflecting memt^er reflects the light so that an angular characteristic of the phase difference caused tiy 
the difference of deflected states possessed by the reflected light from the metaflic reflective film becomes to 
be a desired distribution. 

69. The prcjeclion exposure apparatus according to any one of claims 63-68, wher^: 

the refleciing surface is arranged on the optical Iblding mirror Ibr Intersecting optical axes before and after ttie 
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reflecting surface intersect with each other. 

70. The prqjection exposure appaiBtus according to any one of claims 63-69, wherein; 

0 ttie Imaging cptlcai system forms an image of the first surtace onto the second surface based on a radiation 

of 200 nm. or less. 

71 . The projection exposure apparatus according to any one of claims 63-70, wherein the final Image is Ibmied In a 
position deviating from a position of a reference optical axis of the prq|ecUon optical system on the photosensitive 

10 substrate. 

72. A projection exposure method for projecting and exposing a pattern on a projection original onto a photosensitive 
substrate, comprises tlie steps of: 

15 passing the light from the projection original to said photosensitive substrate through at least one reflecting 

menit>er; and 

reflectir^ the light with a reflecting member so that a phase difference between a P polarized component and 
a S polarimd component for ttie reflecting member substanUaily does not exist wtien tlie P polarized compo- 
nent and the S polarized component come to the sen sitive substrate. 

20 

73. The projecticn exposure method according to claim 72, wherein said reflecting member has a metallic reflective 
film and a oonection fDm which is arranged on the metallic reflective film and corrects a phase difference caused 
by a difference of deflected state possessed t>y a reflected light from the metallic reflective film. 

29 74. The prcjection exposure method according to claim 73 or 74, wherein: 

the correction film has a dielectric multi-layer film. 

75. The projection exposure method according to claim 73 or 74 wherein: 

the metalllc reflective film contairtt aluminum. 

76. A projection exposure method for projecting a pattem on a prqiection original on a photosensitive sutistrate using 
a projection optical system comprising the steps of: 

9S 

passing the light kom the projection original to said photosensitive substrate through at least one r^iedlng 
memtier; and 

reflecting the light with a reflecting member so that an angular characteristic of the phase differenoe caused 
lyy the difference of deflected states possessed tiy the reflected light from the refecting memt>er twcomes to 
40 t)e a desired dIstrttHJtlon. 

77. The prcjection exposure method according to any orte of claims 72-76, wherein: 

the reflecting surface Is ananged on the optical folding mirror for Intersecting optical axes baibm and after the 
45 reflecting surface intersect with each other. 

76. The projection exposure method according to any one of claims 72-77, wherein the Imaging optical system forms 
an image of the first surface onto the second surface based on a radiation of 200 nm. or less. 

80 79. The projection exposure method according to any one of daims 72-78, wherein the pattem is projected In a position 
devialing from a position of a reference optical axis of the projection optical system on the photosensitive substrate. 

60. A catedioptric optical system forming a reduced Irvwge of a first surface onto a second surface comprises: 

09 a first imaging optica! subsystem arranged In an optical path between the first and second surfaces, and having 

a first optical axis 

a second imaging optical subsystem arranged in an optical path t^etween said first imaging optical subsystem 
and said second surface, and having a concave r^tection mirror and a second optical axis; 



44 



EP 1191 378 A1 

a third imaging optical njbsystem arranged in an optical path between said secon bnaglng optical subsystem 
and said second surface, and having a third optical axis; 

said first imaging optical subsystem having a dioptric imaging optical system, said third imaging optical sub- 
system having a dioptric imaging optical system, and said Ursl and third optical axis being arranged on a 
common axis. 
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Fig. 7 
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Fig. 10 
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Fig. 12 
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1« CGncemlng Clainv 8-14, 33 

Tba invention of clain 1 relates to a reflect ion/vefraction optical ayaten 
for forming a reduced image of the iicaga on a first plane on a sacond plana, 
coffipriaing a f irat iiA&ge-£oniiin0 optical aystem of refraction type for forming 
a firat intemicuiiate image on the first plana, a f irat optical-path folding 
nirror diopoead near the place where the first incermediate image is formad 
and adapted Co deflect the light beam toward the first intemediate image 
or the light beam from the first intermediate image, a second image- forming 
optical system including a concave reflecting mirror and at least one negative 
lens and adapted to from a second intermediate image of substantially unity 
magnif icA-tioh of the first intermediate image from the light beam from the 
first intermediate Image on a plane near the place where the first intermediate 
image is f ormed, a second optical-path folding mirror disposed near the place 
where the aecond intemediate image is formed and adapted to deflect the 
light beam toward the second intermediate image« and a third image-forming 
optical system of refraction type for forming a reduced image of the second 
intemediate image on the second plane. 

Claims 2-^6. 8-14 are dependent claims directly or indirectly referring 
to claim 1 . 

Claim 33 Is dependent claims directly or Indirectly 
referring to claim !• 



2. Concerning Claim 7 

The invention of claim 7 relates to a reflection/refraction optical system 
fox forming a reduced image of the image on a first plane on a second plane, 
comprising a first image-forming optical system of refraction type disposed 
in the optical path between the first and second planes and having a first 
optical axis, a second ivage-fozming optical system disposed in the optical 
path between the first image-forming optical ayetem and the aecond plane 
and having a ooncave reflecting mirror and a second optical axis, and a third 
image- foming optical system of refraction type dinpoaed in the qptical path 
between the second imege-foming optical system and the seomid plane and 
having a third opt leal axiSi ndierein « in the first to third image- forming 
optical systeni, the first and second optical axes cross and the second and 
third optical axea cross. 



3. Concerning Claims 16-32 

The invention of claim 15 relates to a projection exposure apparatus for 
projecting and exposing the partem on a projection original plate onto a 
photosensitive substrate through a projection optical system ( wherein the 
projection optical system includss a first image -forming optical system of 
refr&ction type, a second image-foming optical system having a concave 
mirror » a third image-foming optical system of refraction type« a first 
optical -path folding mirror dii^sed in the optical path between the first 
and aecond image-forming optical systems r end a second optical -path folding 
mirror disposed in the optical path between the second and third image- forming 
optical system, the first image-forming optical system foms a first 
Intermediate linage of the pattern on the projection original plate in the 
optical path between the first and second image- forming optical systems, 
and the second image- forming optical system forms a second intermediate image 
of the pattern on the projection original plate in the <^lcal path between 
the second and third image-forming optical systems. 

Claims 16-32 are dependent claims referring to claim 15. 
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4. ConaemiBg clainfi 34-53 

The invention of claim 34 relatee to an expoflura nctbod for 
pro jec ting/exposing tiie pattern on a projection original place onto a 
photosensitive subatrate through a projection optical ayatem, compriaing 
the steps of directing Illuminating light of ultraviolet region to the pattern 
on the pzvjectlon original plate, directing the llluiainating light paseln^ 
through the pattern to a first Image -foming optical system of refraction 
type to form a firet intermediate lnvage of the pattern on the projection 
original plata. directing the light from the first intermediate image to 
a second image -forming optical system having a concave reflecting lolrror 
to form a eeoond intermediate imagei directing the light from the second 
intermediate image to a third image » forming optical system of refraction 
type CO form a final ic&age onto the photosensitive substrate, deflecting 
the light from the first Image -forming optical syatetn by means of a first 
folding mirror disposed in the optical path between the first and second 
image-fozming optical systems* and deflecting the light from the second 
image-f orming optical system by means of a second folding mirror disposed 
in the op tioal path between the second and third imaga- forming optical systems . 

Claims 3S-53 are dependent claims directly or indirectly referring to 
claim 34. 



b. Concerning oXaims 54*62 

lOie invention of claim 54 relates to an Image-foxning optical system for 
forming an image of the image on a first plane on a second plane « wherein 
the image- CormiJig optical system has at least one reflecting surface disposed 
between the first and second planes, and the reflecting surface has a metallic 
reflecting film and a correcting film provided on the metallic reflecting 
f.11m and adapted to correct the phass difference due to the difference in 
the jmlari cation of the light reflected from the metallic reflectljig film. 

Claims S5-62 axe depevident cleios dizeotly or indirectly referring to 
claim 54. 



6. Concertiing 63-71 

The invention of claim 63 relates to a projection exposure apparatus for 
projecting and exposing the pattern on a projection original plate onto a 
photosensitive substrate by using a projection optical system^ wherein the 
projection optical system has at least ome reflecting member disposed in 
the optical path between the projection original plate and the photosensitive 
substrate f and the reflecting member reflects light in such a way that when 
the P- andS-polarized components with respect to the reflecting member arrive 
at the photosensitive substrate, the difference between the phases of the 
P- and S-polarised components are substantially eliminated. 

Claims 64-71 are dependent claims directly or Indirectly referring to 
claim 63. 



7. Concerning claims 72-79 

The Invention of claim 72 relates to a projection eacposure a^antue for 
project Ing and exposing the pattern on a projection original plate onto a 
photosensitive substrate by using a projection optical system, wherein the 
light traveling from the projection original plate to the photosensitive 
substrate is reflected by at least one reflecting member, and the reflecting 
member reflect b light in such a way that when the P- axul S -polarized components 
With respect to the reflecting member arrive at the photosensitive substrate, 
the difference between the j^hases of the P-.and S-polarised eoo^neata are 
substantially eliminated. 

Claims 73-79 are diqiendent claims directly or indirectly referring to 
claim 72. _ 
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e. Concerning claim bq 

%e in^rentlcn of claim 80 ralataa to a reflect ion/ refraction optical sysceni 
for forming a reduced image of the image on a first plane on a second plane « 
compriaina a eeoond image- fonoing ppclcal aubsyetera disposed in the optioal 
path between the first and second planes and having a concave reflecting 
mirror and a eecond optical axis and a third image ^formlag optioal Buhaystem 
disposed in the optical path between the second image-forming <9tical 
subsystem. and the second plane and having a third optical axisp wherein the 
first imago-fozming optical subsystem has a refraction image--formlng optical 
system « the third ImAge -forming optical subsysfcem has a refzsccion 
image-formipg optical system« and the first and third optical axes are on 
the eame axis. 

There ere apecial technical features in the groups of invention^ 1, 3 and 
4, and there are special technical faatLures in the groups of inventions €, 
7. However there are no coimnon technical matters considered to be speoial 
technical f eaturea novel with respect to the prior art in the other groij^a 
of inventions. 

Therefore there are no common technical matters considered to be special 
technical features in the sense of the second sentence of PCT Rule 13 and 
therefore these groups of Inveationa are not so liinked as to form a single 
general inventive concept* 

Therefore the groups of Inventions do not comply with the requirement of 
unity of invention* 
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